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page 2 (Amendment Under 37 C.F.R. 

REMARKS 

Recension o, .his application is respectf* requested. 

C*. ««» are p— * * appiic*- NO «* " 
vJl nev, ciaims ha,, heen added. A—*- - — "~ 76 " 
presented for further examination on the ments. 

. 2 3HheExaminerstatedthatth.se 

paragraph. In the Office Aet.on (pages 2-3I 

claims contain: 

- subj ect matter which was not djjjj- Jj ^ 
way as to reasonably ^"^J^ filed, had possession of 
inventory, at the t.me the apphcat or w g „ new mgtter „ 

the claimed invention for reasons of recora 
rejection. 

575: 

Cairns 459-463, specific chemica. compositions of linkages; 

^ *72 482-569, specific identity of labels and points of 
SK££ ^"moiety to interna, phosphates; 
Claims 474-477 and 570-575. the "composition" limitation. ,n 

„o» nanps 30-32, that support was 
Applicant argues in the res P°"f sD S ca tion. This argument is not 
found in various portions of ^ »^™, upport for covalent 
persuasive. These port.ons ^V™^^ and a SIG moiety 
Attachment of a S.G mo,ety o a Phosphate ^ ^ ^ ^ 

IXXo'X^^^ atom of the 

phosphate moiety, only to the oxygen atom. 
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1™, points .o unhand the invention belna diadosed and convoyed by ft. 

application. 

ln vi ew of the foregoing remarks, Applicants respectfully request reconsideration 
and withdrawal of this rejection under 35 USC 112. 

^.o^HP^ionHnMrr^l.Sr ^117 First Paragraph 

Claims 454-575 stand rejected for enablement under 35 U.S.C. 1 1 2, .rst 
paragraph, as "containing subject matter which was not described in the 
pacification in such a way as to enable one ski.led in the art to wh.ch ,t 
pertains, or with which it is most nearly connected, to make and/or use the 
invention, for reasons of record." (Office Action, page 3). 

The Examiner states on pages 3-4 of the Office Action that: 

spec fic linker, a -C-(CH 2 ) 4 -n cnam. y mni o tv and linkage, and 

to a much broader category, ■ .generic SIG ^J^J^^, 
specific compound; , suet , as those ™^ Q f™^ T J Si the 
Se 0 ofCta~s n^rmensu'rate with the scope of the 
claims. 

mononucleotide and ex P r * ss ^^^og 1976 , teaches that the 
Armstrong rt al., Eur. J. ^^S,?^ taWbHor." of the 
labe ,ed oligonucleotide from 

reaction which is necessary xo P'" 33 , <i.jh\s 

a iabeled ™™^™ ^ZZ™££k > •*»«• <»' 
r^™- — 'SSL o. «on U c,eo,,de. 

M estrone teaches, ha, ■■^Z!^!^^' 
incorporated, Armstrong <» a * e o s "°/"' d c X — taction in the 
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experiment with various SIG moieties, linkages and attachment sites, 
as well as various reaction protocols and protectmg groups. 

This enablement rejection is respectfully traversed. One skilled in the art and 
armed with the present disclosure would have sufficient guidance to practice the 
invention over the entire claimed range. Applicants are in the process of gathering 
expert testimony and articles to support their position and will submit such information 
in a supplemental response. 

Applicants respectfully request reconsideration and withdrawal of the rejection 
for lack of enablement. 



The First Rejection Und er 35 U.S.C. $103 



Claims 454-575 stand rejected under 35 U.S.C. § 103 for being 
unpatentable over Gohlke et al., US Patent 4.378,458, 3/1983, filed 3/1981 
(Gohlke) in view of Sodja et al., Nucleic Acids Res., 5(2 ): 385-401 , 1978 (Sodja) 
and further in view of applicant's admissions. 

On pages 4-5 of the Office Action, the Examiner stated that: 

Applicant argues that the opening of the ring sugar in Sodja 
distinguishes Sodja from the e current application. It is a irgued I that 
the terminal nucleotide, with the open sugar, is outside the scope of 
the claims. 

This argument is not persuasive. Sodja reads on the claimed 
invention because of the scope of the term "SIG" moiety. There is 
nothing in the limitation "SIG" which would exclude the terminal 
nucleotide, with the open ribose sugar from being a part of the SIG 
moiety The "terminal" nucleotide in the claimed product would be 
the second nucleotide from the end in the Sodja reference, wh.ch has 
a closed ribose sugar ring. 

Applicant argues that Gohlke does not teach labeling ribonucleotides 
and thus does not suggest the claimed DNA products. This argument 
is not persuasive. First, many of the claims of this case are not 
limited to DNA products but read on ribonucleotides. Second, it is 
Gohlke in view of Sodja which is the basis of the rejection. There is 
no evidence that Gohlke cannot be applied to Sodja tar the expected 
benefit of generating other types of labeled oligonucleotides using the 
Gohlke labels. 



ENZ-5(D6)(C2) 



Dean L. Engelhardt et al. 
Serial No. 08/479.997 

Filed: June 7 - 1995 . „ c F R §1.115- January 4,2000) 
Page 5 (Amendment Under 37 C.kk. si.. 

TOS „ b v tou sn. S s region Is ..spec,.* «— ■ ™- * « «^ 
or su99 e«« o, how ,o modi* So.]. » op.n-up DMA o, o,n e rw,sa a na h » 

would label a RNA disrupted ring. 

— ^7 ?5 stand rejected under 35 U.S.C. § 103 as bemg 

Claims 40* o/= 378 196 6 or Miller et 

un patentab.e over Ha.loran et a... 378, 
al. 20(71:1874-1880, 1981. 

On pages 5-6 of the Office Action, the Examiner stated that: 

Both Halloran and Miller teach specific J^jTlt^n 
proteins and thioohosphates attached I to nude c a ^ 
p. 373, Fig. 1 and col. 2; M.ller p. 1874, ^ i- ^ 
Terences differ from the ^^^^Si obvious, 
,abels and linkages. It would have been ^ma ra 

arguments to the 35 U.S.C. > ' H d vice -versa. For 

Miller add evidence of obviousness. 

„ „ import ,ha,,h. -.^-"hS^ 1 ^ « 

tSenoas do no, rend., *• claims obv,o u s. 

th. o,l,lclsms o, ,na ^"^S'C^o. if 
ma d, without «^J?„^STCn**r on, must 
arguino that «^^ ""-ST Aft., a", th. prior art 

-nOTX^ 
stated in a previous office action: 
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This obviousness rejection is respectfully traversed. Applicants respectfully 
maintain that the differences between the instant invention and the combination of cited 
documents would not have been obvious to one of ordinary skill in the art at the time of 
the invention. Halloran was published 29 years before this application was deposited, 
Miller was published 1 4 years before; it was the applicants who first came to the 
realization of this invention. Thus, it would be unpermitted hindsight for one to use the 
current application to apply teachings from the prior art to "reinvent" the invention. 

Reconsideration and withdrawal of the obviousness rejection is respectfully 
requested. Applicants are in the process of detailing additional arguments to support 
their position of non-obviousness over the cited references and will submit these 
arguments in a supplemental response shortly. 

In view of the above amendments and foregoing remarks, Applicants respectfully 
request reconsideration and withdrawal of the anticipation rejection, thereby placing 
each of claims in allowable condition. 



:»»**** 
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No other fees are believed due in connection with this filing. In the event that 
any other fee or fees are due, however, the Patent and Trademark Office is authorized 
to charge the amount of any such fee(s) to Deposit Account No. 05-1 135, and to credit 
any overpayment thereto. 

In view of the above discussion of the issues, Applicants respectfully submit that 
all of the instant claims are in allowable condition. Should it be deemed helpful or 
necessary, the Examiner is respectfully invited to telephone the undersigned at (212) 
583-0100 to discuss the subject application. 



ENZO DIAGNOSTICS, INC. 
do Enzo Biochem, Inc. 
527 Madison Avenue, 9 th Floor 
New York, New York 10017 
Tel.: (212) 583-0100 
Fax.: (212) 583-0150 
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SUMMARY AND CONCLUSIONS 




Respectfully submitted, 



<Tohn J. Santalone 
Registration No. 32,794 
Attorney for Applicant 
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BACKGROUND OF THE INVENTION 



TO 
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;KGRUUINU ur j » ^ ■ 

^^contain a biotin molecule bound to e C- tar ^ vW ol ONA ^ RNA 
aS.amine linker arm. The biotin-labeled nucleotides are ef, (g0 mo(ecu|es or , e per 

~o^^^^^ 

S to^S in addition, biotin-labe.ed "* Mttdes ^ p * "HEi. unique features of biotin- 

^rrsrss. ~ - ~j^j::ss assess 

matter of said article is compnsed .n EP-A2-0063879 

having the structure: 
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35 



x-CH 2 




„i„n R and A provided that if B-is purine the 
.herein the dotted line represents a chem WJnkjQ. J. linkaga IS anached to the 7- 

linkag e is attached to me 8-pos,t,on , d I •» ^ ljnkage „ attached t0 the 5-posit.on of the 
position of the deazapunne. and if B is pynm 
50 pyrimidine; and 

wherein each of x. y.and z represents 
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Applications disclosed in EP-A2-0 063 879 .ncuae o fic |icatlons , nclude 

By way of additional background w,th re pec to the ut^at o ^ p r Uange ,Safer, M. 

above-identified Langer et a. article .n EgJSS : Method f0 r Mapping Genes on Drosopt|a 

Levine and 0. C. Ward in Genets ent.tlec I An Immuntogc MWdes as a probe f0 r the 

Polytene Chromosomes", describes a method emP°y. g chrom0 somes. In this appl.cat.on 

(ocalization of DNA sequences hybrid.zed .n situ to 9g2ffiS^ y as the primary antibody and 

these probes are detected using affinity ^Sy. ^ djs y cl0SureS of this Langer-Safer e, 
nuorescenated goat antirabbit anfbody as W part of this disclosure. 

al publication in Genetics are also .ncorpor ted ^ Q( en2yme .labeled avidin reagents are 

Other techniques employ-ng a liquid medium, see U.S. Patent 4.228.237. Also .t 

known for the detection and determ.nat.on of l.gands * ahqu.a me as )jed t0 p rosophl ia 

is known to effect gene enrichment basec on ^^^ZrtL publication ,n Biochemistry.. Vol. 
ribosomal RNA genes, see the J. Manning, M Pe eg "™ ^ interest Wlth res pect to the pracfices 

JS ,e. No. 7. pages 1364-1369 (1977) Other puttcttons of ^ ^ ^ 
25 of this invention are the D. J. Eckermann and R H. Syrn ons ( q{ 

Attachment of an ^^J^Zl ^ S by S. B. Zimmerman. S. R. Kornberg and A. 
Ribosomes". X Bjochem. 82. 225-23 4 < 1978V he art, de by Transferase s from T2-and T6- 

Kornberg entitled "G.ucosylation of °^°^ C ^^L, vol. 237. No. 2. February 1962. and the 
30 infected E scherichia co« in Jhe Journal oj jgjag l ^l f (rQm T4 , nfected Esche nchia col.". 
30 article by J. Josse and A. Kornberg III. a-and l J Oucosy ^ 

also appearing in Tne Journal of SSlagfi^gt ^ invention are the publications appearing in the 
Of further interest in connects with the pract.ce i of tn.s b| , cation . Vol . 23 7. No, 4. pages 

J. Biol. Chem, Vol. 236. No. 5. May .^J. Pages i 487-1 (1964V 0f speC ial interest is the 
725^259 0962); the same publication ™^"° c *.™* * ' Vol . 27 . No . 8. pages 1131-1139 (1979) 
article appearing The Journal of SS^SSm^fH^f^ page s 2961 -2973. Also of interest is the 
and in the publication Nucleic Acids Vo !. N ° v J ca \J £ A . De waard entitled "Specif.aty 

artc.e appearing in the f^^J^^^^iSS^ Induced by Bacteriophages T2. T4 
Difference Between the Hydroxymethylcyto .nej3 Glucosyi „ T4 Phage . Coded 

« (1980). , h , s lnven ,j 0 n include n.ck translation of DNA employ.ng 

Other techniques useful in the prac ces o hs ££™ ,„ me article by p. w. Rigby. M. 

DNA polymerase. A techn.que for ^^X^Toeo^c^c Acid to High Specific Actrv.ty ,n 
Dieckmann. C. Rhodes and P. Berg , enWIed '^^j^, (1977) . 113 . 237 -25l. With respect to the 
v,»ro by Nick Translation with DNA ™'™™"±J^J^^„Mrt. the article by K. Hofmann. S. 
^overy of streptav.din. such as culture broth %§gS^g-^— tin Affin|ty Columns and the, 

W. Wood. C. C. Brinton. J. A. Monobeller and F. M. Ron enm.ed^ ^ ^ ^ g ^ ^ ^ ^ 
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SUMMARY OF THE INVENTION 

ln accordance with the practices of this — ^^^^ of 
pyridine or the 7 position of ^J^S ^ cid materia., .n the practices of this 

suitable for attachment to or incorporation into DNA or otne nuc S(jch that the 

invention nucleotides, i.e. nucleic acids, preferably ^ZTT^ctt^^ once incorporated in 
resulting modified nucleotides are capable f 'ncorpo^on 

nucieic acids the modified nuc.eotides do not s.gn.f.cantjy nte rfer . wrfMfc • ^ non . disruptiv9 

double helix formed of the resulting nucleic ac.ds containing the rnod, ed ' nuC ^ CQntrast with 

modification of nuc.eotides and nucleic acids 

those modifications of nucleotides wh.ch are characte n zed as a d ^£^ m ™ ° double pen, 

rr.ol.cuie. The addition o, Mr, is """''tf »» ?Z£S£ * « P™«- « 

9 ,. u ps are oxidized by »^."««^^tcC.^»«'^»™»- 
hxMOd..- AlWiwMly. c«tMd.r™o. ^ •'S?* ™S * ^ M DNA or rna in»ol»es me Edition ot « 
«o»» KM*, tor wn, »f « "^""^pi. o. m,s »««». is *. addition 0. a 

^:r« usr=r »^ — — — - • 

,io.,e « p.,,™ .. « pr.». »X A T,r«« - »" ts « iso,.,« o, dPyrTP hayin, a 
Ano»,er W. lor W>g »A « ■ ™ p*,^,,,^ „«,, « d.s.red. OPyrTP is mad, 

30 means of standard nucleophilic reagent NHS-biotin involves the addition of glucose to S- 

means of a lectin-based assay. , m , n(M . involves 5-HMC-triphosphate made 

Still another method for tagging DNA ,n a non-d smptive ™™J££™ HMCTP. 5HMCTP is then 
M from the hydrolysis of T4-DNA followed by ph osphory a °" J^^^X to have non-disruptively 
incorporated into DNA using polymerase I. Thus, any DNA can be moaineo 

incorporated therein 5 HMC. inunivp? reactina nucleic acids in the double 

- ssttTss sToTdir, sss rss- - >. - as «, 

arms for the addition of a reporter molecule such as bl0t,n - enumeration. 
Preferred embodiments of the present invention ar • « 8 ' ^ ^riAcid moiety. S the 
1 . A nucleotide having the general formula P-S-B-S.Q wherein P « me p p 
, 5 sugar or monosaccharide moiety. B being the ^"l^ « *. Z. 

the 3' and.or the 5' position of the sugar ^.^ t ^ C **£%£ being a purine or a pyridine, said 
* andor 5" position when said J'jS^'^^^of the sugar mo,e«y when said 
base being attached from the Nl position or the NS y nemical moiety CO valently 

i i ST. in Scordanc. - r . -e,. « said — •;™«r, c a,,, .ttacned to 
ss B at the ^?.Xl^s^lV:,T Stolen b\ -d a, „ 03 



position when B is a purine. 
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5 A nucleotide in accordance with item 1 wherein Sig is attached to B at a position such that an 
t tZ fZX^o aciS or a double-stranded deoxyribonucleic ^f^^^ wnen 

"Tao oli 9 .nuo.eo«de or c»mpn S ,n 9 ono or mo„ ™deo«es ,n aeco-dance — 

' ,0 A nucMM. in acoxdapce «.th i»m . »h.,ein ssid Sig « anaci™ to «*> »« B a, M C5 

^.HtS^lSSSS; M . » * — " • p^— - - 

^,rtrrr^r.^s?rsr. . „ ~ - - * 

^.rr^rrr^srsi — - — . - * 
^ssrrjs^rtfss- 0., e „ . p»« « —o * «. 

c^^W^S™" 0, , cydoa.ipha.c oroop comaini™, a, ,oas, a. or a. Bast „v. oa«on 

?So.« ■« accrdanc. -h «.» - - »- B » a P-» and .h.rein said Si, 

^.rrrrj^; ltse- - ■ * • — - — - 

chemical moiety is attached to the purine at the C8 position. 

22 A nucleotide in accordance with item 1 wherein said S sugar is a pentose. „„„ hapiHo nr 

23. A nucleotide in accordance with item 1 wherem said Sig chemical moiety is a polysaccharide or 
an oligosaccharide ^ ^ ( ^ ^ Sig chemjca , selected 

incudes g a « J^-^SSa w„h item , wherem sa,d Sig chemica. moiety is a hexose moiety. 

27 A nucleotide in accordance with item i wherein sa,d base 8 is a 7-deaza P ur,ne and wherein said 

319 ^nST — comprises , ~t 

30. A nucleotide in accordance with item 29 wherem said prote.n is a lectin. 

31 . A nucleotide in accordance with item 30 wherein said lectin is Concanaval.n A. 



35 



40 



45 



50 



55 



5 



0 285 058 



10 



is 



20 



25 



h « n said Siq chemical moiety comprises a-mannosyl 

s~ » «— - - < - — — — ~~ " 

39 A nucleotide in accordance witn item 
an enzyme. A „ ith item 39 wherem said enzyme is alkaline phosohatase. 

Io. A nucleotide in accordance with - em 39 wne ^ phosphatase . 

41 . A nucleotide ,n accordance w, h ,*m 39 «™ ^ ^ ^ ^ includes or compnses a^ 

42 A nucleotide in accordance with item 
fluorescing component attached thereto. j(j fluore scing component is fluorescein. 

« A nwaeotk). a accords »'«> «" 1 w ""^„ ° ,k „ M compoo.m. 
52 A double-stranded polynucleotide « **°™ nc 

57 A polynucleotide coupled or attacneo to 
one or more streptav.din units. d on at lea st one end with a polypept.de. sa,d 

63 A polynucleotide in accordance with -tern 
complexed therewith a plant binding , protwu ^ prQtejn Concan avalin A. 

64. A polynucleotide in ^^""^fj^herein said base B is cytosine. 

65. A nucleotide in accordance w.th em whs « " g ^ ^ 

66. A nucleotide in accordance with em where b . g 
67 A nucleotide in accordance w.th item 1 wherein 
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68 . a nucleotide in accordance wit, item 1 -J = • J 

69 . A nucleotide in accordance with .em wh « jn a g ^ 

70. A nucleotide in accordance wrth em where b ^ , . mett1ylguanine . 

- "is— * - " — - — ,inM98 " °'*' c 

■CH, -NH - . 77 wherein said chemical linkage is. 

80. A nucleotide in accordance with item 

. /-vi i M U _ . I*. 
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0 - CH ~ " ^— ^ — - 
-C.i - ** - , 
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th tem 1 wherein sad chemical linkage is selected from or includes 
82 A nucleotide in accordance with item 1 wherein 
a moiety selected from the group consistmg of 



c _ 0 - ' and - 0 



. S3 A nucleotide in accordance with ,m , wherein said Sig chemical moiet y includes or comprises a 

^TEST-—- with item 33 where, sa ,d e = is 

85. A nucleotide in accordance with item 39 where ^ h0 rseradish perox«J«e 

86. A nucleotide in accordance wrth item 39 wh « *n s fluorescing component is fluorescein. 

87. A nucleot.de in accordance w.th item 42 whe e n a jg ine . 

88. A nucleotide in accordance with Hem 42 where n s component (j dans 

89. A nucleotide in accordance ,«m *2 wherein ^ ^ ^ ^ js attached t0 me . NH 

90. A nucleotide in accordance with item eu 
.group of said chemical linkage. „ herejn said S ig chemical moiety comprises 

« 91. A nucleotide in accordance with item » 



93. A nucleotide in accordance w.th item 90 jhw*^ JJ sjg chem(ca( moiety attactie d to said 
94 A nucleotide in accordance with "tern o 

97 A polynucleotide in accordance with item 

* said polysacchar.de. . ^ item 60 wherein said polyribonucleotide is terminally 

98 A polyribonucleot.de in accordance w.m 
ligated or attached to said polypeptide. 
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attached to said polypeptide. 

101. A ribonucleotide having the general formula. 



Sig 

I 

- S - B 
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herein P is the phosphoric acid , . ^^£5 K b«ed S ' 

mcety being attached at the Z, 3' and. or 5 pos t.on o the s g » ^ js ^ py Qf a 

the Nl position or the N9 portion to the 1 ^T^^^J^ attached to the sugar S. sad Sig. 

^"""aTn'bonuc.eotide in accordance with item 101 wherein said Sig chemical moiety is attached to ^ 

^ffH^S*- with item 101 wherein said Sig chemical moiety is attached to 

the C3' position of said sugar moiety. whe rein said Sig chemical moiety is attached to 

,04. A ribonucleotide in sa,d ribonucleotide is 

^d into id 0 Tr ~ in accordance with item 101. 

105. A polyribonucleotide comprising a least °™ pyr im,dine. 

106. A ribonucleotide in accordance with tern base 8 ., , purjne . 

107. A ribonucleotide in accordance w, h item 0 where n 
,08. A ribonucleotide in accordance w, h -tern 0 where n sad _ 
109. A ribonucleotide in accordance w, h .tern 0 where „ S a d b 

, 1 0. A ribonucleotide in accordance w, h . em 0 w a * J 

1 1 1 . A ribonucleotide in accordance with -torn 0 where " sa d 7 . deazapurin e. 

1 12. A ribonucleotide in accordance wrth .jm 101 where, sad P mojety js a p0)ysaccha . 
1 13 A ribonucleotide in accordance with item 101 wherein saa y 

M "ZfTSZSS* m accordance with item 101 wherein said Sig chemical moiety is a monosac- 

charide. ^ f . m 101 where in said Sig chemical moiety is a monosac- 

121. A ribonucleotide in accordance with .tern 101 "here.n y 
comprises a radioactive isotope component rad ioactive isotope component is 

122. A ribonucleotide in accordance with item mi 

radioactivecobalt. Q wherein said Sig chemical -moiety comprises a 

123. A ribonucleotide in accordance with .tern 101 wherein sa y 

catalytic metal component. wherein said Sig chemical moiety includes or 

124. A ribonucleotide in accordance with item 101 wherein sa.o y 

comprises an enzyme. wherein said enzyme is alkaline phosphatase. 

125. A ribonucleotide in accordance with item 24 where s y ^a.actosidase. 

1 26. A ribonucleotide in accordance with item 1 24 wherein y 
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, 27 . A ribonucleotide in acco^an ce with item 124 "herein - J -V- J ^"xi.ase. 
,28. A ribonucleotide in accordance w.h tern 24 whe e n sa d V rMease 
,29. A ribonucleotide in accordance w.th -tern 124 wh ^ ,n ^ ^ chemjcal moie ty includes or 
130. A ribonucleotide in accordance with item 101 "herein saia y 

comprises a Horesching component att ached thereto . f | uor escing component is fluorescein. 

,31. A ribonucleotide in accordance *.th Mm 30 where n sa d 9 ^ ^ 

,32. A ribonuc.eotide in accordance with tern 30 wherein ad 9 ^ ^ 

,33. A ribonucleotide in accordance ^^^^smi Sig chemical moiety comprises a 
,34. A ribonucleotide in accordance with item 101 wherein saia oy 

magnetic component associated or attached thereto. ^ component comprises a 

135. A ribonucleotide m accordance with item wneie 

magnetic oxide. . wherein said Sig chemical moiety includes an 

136. A ribonucleotide in accordance with item 101 wherein , 8 . g t . 

antigenic or hapten component capable of ^J^^'^^^u^d- in accordance with 

137. A single stranded polynbonucleot.de compna ^°" e " ™^ said ribo nculeotides. 

item ,01. said single stranded P^^^^S?^^ ^nucleotides and containing at 
,38. A single stranded polyribonucleotide comprising at least we 

least one ribonucleotide in accordance with item 101 

,39. A polynbonucleotide coupled or attached to a polypept^e^ js 

,40. A polyribonucleotide in accordance with item 139 wherein saa p 
attached or ligated to said polyribonucleotide. 

141. A nucleotide having the general formula 



25 



30 



35 



Sig 
? - S - B 



jo 



45 



OK 

o - 0 - Si 



„. «. .«« - * - -* - — °' s,9na " ,n9 ■"" " m "" n9 ,,se " 

self-detecting or its presence known. 

142. A nucleotide having the general formula 

so P - S • B • Sig . monoS accharide moiety. B being the base 

wherein P is the phosphoric add moiety. S the sugar mQjety when 

moiety, the phosphoric acid moiety being attached to the 3 JJ^jSn when said nucleo ,ide is a 
said nucleotide is deoxyribonucleotide and at me * . o ^ ^ ^ N1 position or 

ribonucleotide, said base being a purine or a Py^'^^^ 3 ^^ base is a pyrimidine or a purine. 

» tne N9 position to the CV position of ft • «^^^SylSd»d to the base B of said 
respectively, and wherein said Sig is a ch m J^^ 0 ^ sL base B is adenine or the N 2 or 2- 
nucleotide. said Sig being attached to the N or b ammo gruuy 



9 



W 0 285 058 



™ m A n* or 4-amino group when said base B is cytosine. said 

attached thereto via the chemical linkage, f 

OH 

_ p - 0 - Sig, 



?5 



20 known 



25 



30 



known. 
143 



* • ♦ c mniptv is a ribose group, said chemical moiety Sig wherx 
<nown. u3 wherein said nucleotide is capable of being 

sr j: ^r»t=s^ - ~ ng or its presence 

146. A single-stranded pCynucleotide ceasing one or more nucleotides in accordance with item 

147. A double-stranded ^ <^£ZTi: STnlSeS^ 2£Jn» 

148. A single-stranded polydeoxyribonucleot.de contain.ng at least 

one or more nucleotides in accordance with i item 143 (o , he B base 

149. A nucleotide in accordance with Claim 143 wnere.n sa.a y 

moiety through a mono-or oligosaccharide linkage. . g monosaccharjde or 

35 150 A nucleotide in accordance with item 143 wherein saio y 

polysaccharide moiety attached to said * ***°™*" nucMe in acc0 rdance with item 143. 

1 51 . A polynucleotide compnsmg a leas one nucleo d e ^ ^ ^ 

152. A polynucleotide comprising a leas one nuc eot.de ^ ^ ^ 

,53. A polynudeotide comprising ^^To tX^o^e compris.ng at least one nucleotide 

^eTACT/Jr^ suitable tor ^^^^^T^ 
administering to an organism capabie of anoVor ^^of7J!Sn *^ w,h item 143. 
RNA an effective DNA and.or RNA synthes.s '^^^T^^i^or DNA synthesis wh.ch comprises 
,56. A method of *™«°™^ f Z^^^^*" o, DNA and,or 

administering to an organ.sm capable of and or funct.o , g h accorclance with .tern i. 

RNA an effective DNA and.or RNA synthes.s ^"fj^^ and;or DNA synt hesis wh.ch comprises 
,57. A method of chemotherapy su.table Jsynthes.s of DNA and,or 

administer.ng to the organ.sm capable of and,or ^^J^,^^ jn accorda nce w.th item 101. 
RNA an effective DNA and/or RNA synthes.s «*^^^ rna wdS DNA synthesis wh.ch comprises 
,58. A method of chemotherapy « synthes.s of DNA and/or 

administering to the organism capable of r^^^^'S^ in accordance with item U1 " 
RNA an effective DNA and/or RNA '^^^^^^'^ DNA synthesis wh.ch comprises 
159. A method of chemotherapy su.table for inh.b tmg ™* a Qf syrtthesi8 0 , DNA and/or 

administering to the organism capable of ^^^^^SSs in accordance with item 142. 
RNA an effective DNA and/or RNA synthes.s .nh.b-t.ng amount of a nucieooae 



45 



50 
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160. A method of chemotherapy in accordance with item 155 wherein the B base moiety of said 

nucleotide is glycosylated. 

161. A method of chemotherapy in accordance with item 155 wherein the Sig chemical moiety of 
said nucleotide comprises an anti-tumor or cytotoxic agent. 

5 162. A method for the stimulation or induction of cells for the production of lymphokines. cytokines 

and/or interferon which comprises introducing into or bringing into contact with cells capable of and/or 
functioning for the production of said lymphokines, cytokinins and/or interferon an effective lymphokine. 
cytokinin and/or interferon stimulating and production inducing amount of a nucleotide in accordance with 

item 1 43. . . 

io 163. A method for the stimulation or induction of cells for the production of lymphokines, cytokinins 

and/or interferon which comprises introducing into or bringing into contact with cells capable of and or 
functioning for the production of said lymphokines. cytokinins and/or interferon an effective lymphokine, 
cytokinin and/or interferon stimulating and production inducing amount of a nucleotide in accordance with 
item 1. 

rs 164. A method for the stimulation or induction of cells for the production of lymphokines. cytoktnins 

and/or interferon which comprises introducing into or bringing into contact with cells capable of and. or 
functioning for the production of said lymphokines, cytokinins and/or interferon an effective lymphokine. 
cytokinin and/or interferon stimulating and production inducing amount of a nucleotide in accordance with 
item 101. 

20 165. A method for the stimulation or induction of cells for the production of lymphokines. cytokinins 

and/or interferon which comprises introducing into or bringing into contact with cells capable of and/or 
functioning for the production of said lymphokines, cytokinins and/or interferon an effective lymphokine. 
cytokinin and/or interferon stimulating and production inducing amount of a nucleotide in accordance with 
item 141. 

25 166. A method for the stimulation or induction of cells for the production of lymphokines, cytokinins 

and/or interferon which comprises introducing into or bringing into contact with cells capable of and/or 
functioning for the production of said lymphokines. cytokinins and/or interferon an effective lymphokine. 
cytokinin and/or interferon stimulating and production inducing amount of a nucleotide in accordance with 
item 142. 

30 167 A polynucleotide comprising one or more nucleotides in accordance with item 1 or item 101 or 

item 141 or item 142 or item 143. coupled or attached to a polypeptide, said polypeptide having attached 
thereto one or more Sig chemical moieties, said Sig when attached to said polypeptide being capable of 
signalling itself or making itself self-detecting or its presence known. 

168. A polynucleotide coupled or attached to a polypeptide, said polypeptide having attached thereto 
35 one or more Sig chemical moieties, said Sig chemical moieties when attached to said polypeptide being 

capable of signalling itself or making itself self-detecting or making its presence known. 

169. A nucleotide in accordance with item 1 or item 101 or item 141 or item 142 or item 143 wherein 
said Sig chemical moiety includes a chelating agent. 

170. A nucleotide in accordance with item 169 wherein said chelating agent includes the chemical 

40 moiety 

H 2 

^CH2COOM 



45 



50 




- N ^CH2CCOM 
^CK2COOM 
^CH2COOM 



wherein M is H or a substitutable metal. 

171. A nucleotide in accordance with item 170 wherein said metal is magnesium or a metal 

replaceable by cobalt. 

172. A polynucleotide containing one or more nucleotides in accordance with item 1 or item 101 or 
item 141 or item 142 or item 143 wherein said Sig chemical moiety includes a chelating agent. 
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10 



15 



17 °- i* a m 170 wherein said metal is a catalytically active metal. 

174. A nucleotide in accordance with .tern 70 where n w a| 

175. A nucleotide in accordance with ,tem 70 whe re n sa.d meta s a he J 

176. A nucleotide in accordance wi* .tern 70 where n a d meta i rac i 

177. A nucleotide in accordance with, tarr 17 > "^ in s * 141 or item u2 0 r item 143 

178 A ribonucleotide in accordance with rtem 1 or tern 

wherein said Sig chemical moiety Mes * C ™^£* " ' or item 10 1 item 141 or item 142 or item 143 

179 A deoxyribonucleotide in accordance with item or uem 

wherein said Sig chemical moietv said metal M is a radioactive isotope. 

180. A nucieotide in accordance wrth em 70 where n a a ^ 

181. A nucleotide in accordance with item 70 *heron saio h substit utable metal or 

182. A nucleotide in accordance w.th item 170 wherein sa.d M nya og 

a radioactive element. 

183. The compound 



H 



20 



25 



H2 



H 



CH 2 C0OM 
-N ^-CH 2 C0OM 

CH 2 COCM 
CH 2 COOM 



H 



*2 



wherein M is hydrogen or a metal. 
184. The compound 



30 



35 



nucleotide-allyl-C-N- 

S 

H 2 - 




^CH 2 COOM 

-^CH 2 COOM 
,_ M ^CH 2 COCM 
* ^CH 2 COOM 



40 



wherein M is hydrogen or a metal. nucleotide is a deoxyr.bonucleotide. 

is : sss s srs = :s - «— » ■ — 

45 187. The compound 

'An 

CH 2 CCOM 



50 




- N ^CH?COOM 
^CH^COOM 
^ CH2 C0OM 



55 



wherein M is hydrogen or a metal. 
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188. A nucleotide in accordance with items 1, 101. 141, 142 or 143, wherein the Sig chemical moiety 
comprises the chemical moiety 



w 



-allyl-C-N- 



H 2 - 




^CH 2 CCOM 
~ N \CH 2 COCM 
_ N /CH 2 COOM 

^CH 2 COOM 



20 



25 



30 



35 



40 



189. A polynucleotide containing one or more nucleotides in accordance with item 188. 

190. A polynucleotide in accordance with item 189 wherein said polynucleotide is a single-stranded 
deoxyribonucleotide or a single-stranded ribonucleotide or a double-stranded DNA. RNA or DNA-RNA 
hybrid. 

191. A nucleotide in accordance with item 143 wherein said Sig moiety comprises a saccharide 
component, a protein component capable of binding to said saccharide component and a glycosylated 
enzyme component capable of binding to said protein component. 

192. A nucleotide in accordance with item 191 wherein said saccharide component is a monosac- 
charide. 

193. A nucleotide in accordance with item 191 wherein said saccharide component is an oligosac- 
charide. 

194. A nucleotide in accordance with item 191 wherein said saccharide component is a polysaccha- 
ride. 

195. A nucleotide in accordance with item 191 wherein said protein component is a lectin. 

196. A nucleotide in accordance with item 191 wherein said lectin is a plant lectin selected from the 
» group consisting of Concanavalin A. LCH lentil lectin. PSA pea lectin and BFA Vicia Faba lectin. 

197. A nucleotide in accordance with item 191 wherein said enzyme component is an enzyme 
selected from the group consisting of alkaline phosphatase, acid phosphatase and horseradish peroxidase. 

198. An amino acid or polypeptide comprising a Sig moiety attached thereto. 

199. An amino acid or polypeptide in accordance with item 198 wherein said Sig moiety comprises a 
saccharide component. 

200. A monosaccharide or a polysaccharide comprising a Sig moiety attached thereto. 

201. A monosaccharide or a polysaccharide in accordance with item 200 wherein said Sig moiety 
comprises a chelating agent. 

202. A nucleotide in accordance with item 143 wherein said Sig moiety comprises the linkage 

-CK=CH-CH->-NH 



45 



SO 



c=o 



(CH?) n 



NK 



biotin 



55 wherein n is an integer having a value in the range 2-10. 

203. A nucleotide in accordance with item 143 wherein said Sig moiety comprises the linkage 
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70 



/5 



20 



-CH=CH-CH 2 "MH 

I 

C=0 



(CH 2 )n 
I 

I 

c=o 

I 

(CH 2 ) n 
I 

NH 



biotin 



wherein n is an integer having a value in the range 2-10. 

25 204. A method of detecting a first compound which includes a nucleotide in accordance with item 1 

as part of said first compound, which comprises contacting said first compound with a second compound 
capable of forming a complex therewith under suitable conditions so as to form said complex, said complex 
comprising said first compound and said second compound and detecting said complex. 

205. A method in accordance with item 204 wherein said second compound is a polynucleotide. 

30 206. A method of detecting a first compound which includes a ribonucleotide in accordance with item 

101 as part of said first compound, which comprises contacting said first compound with a second 
compound capable of forming a complex therewith under conditions so as to form said complex and 
detecting said complex. 

207. A method of detecting a first compound which includes a nucleotide in accordance with item 
35 141 as part of said first compound which comprises contacting said first compound with a second 

compound capable of forming a complex therewith under suitable conditions so as to form said complex 
and detecting said complex. 

208. A method of detecting a first compound which includes a nucleotide in accordance with item 

142 as part of said first compound which comprises contacting said first compound with a second 
40 compound capable of forming a complex therewith under suitable conditions so as to form said complex 

and contacting said complex. 

209. A method of detecting a first compound which includes a nucleotide in accordance with item 

143 as part of said first compound which comprises contacting said first compound with a second 
compound capable of forming a complex therewith under suitable conditions so as to form said complex 

45 and detecting said complex. 

210. A method of determining the presence of a deoxyribonucleic or ribonucleic acid molecule which 
comprises forming a double-stranded hybrid polynucleotide duplex which includes a single strand of 
deoxyribonucleic acid or ribonucleic acid corresponding to or derived from said deoxyribonucleic or 
ribonucleic acid molecule and a nucleotide in accordance with item 1 and detecting said duplex. 

50 21 1 . A method of determining the presence of a deoxyribonucleic or ribonucleic acid molecule which 

comprises forming a double-stranded hybrid polynucleotide duplex which includes a single strand of 
deoxyribonucleic acid or ribonucleic acid corresponding to or derived from said deoxyribonucleic or 
ribonucleic acid molecule and a ribonucleotide in accordance with item 101 and detecting said duplex. 

212. A method of determining the presence of a deoxyribonucleic or ribonucleic acid molecule which 

55 comprises forming a double-stranded hybrid polynucleotide duplex which includes a single strand of 
deoxyribonucleic acid or ribonucleic acid corresponding to or derived from said deoxyribonucleic or 
ribonucleic acid molecule and a nucleotide in accordance with item 141 and detecting said duplex. 
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213. A method of determining the presence of a deoxyribonucleic or ribonucleic acid molecule which 
comprises forming a double-stranded hybrid polynucleotide duplex which includes a single strand of 
deoxyribonucleic acid or ribonucleic acid corresponding to or derived from said deoxyribonucleic or 
ribonucleic acid molecule and a nucleotide in accordance with item 142 and detecting said duplex. 
5 214. A method of determining the presence of a deoxyribonucleic or ribonucleic acid molecule which 

comprises forming a double-stranded hybrid polynucleotide duplex which includes a single strand of 
deoxyribonucleic acid or ribonucleic acid corresponding to or derived from said deoxyribonucleic or 
ribonucleic acid molecule and a nucleotide in accordance with item 1 43 and detecting said duplex. 

215. A method of detecting the presence of a nucleic acid-containing etiological agent in a subject 
/o which comprises obtaining a suitable sample from said subject, detecting the presence in said sample of a 

deoxyribonucleic or ribonucleic acid naturally associated with said etiological agent by forming under 
suitable conditions a double-stranded polynucleotide duplex which includes a compound in accordance with 
item 1 and a single strand of deoxyribonucleic or ribonucleic acid corresponding to or derived from said 
deoxyribonucleic or ribonucleic acid which is naturally associated with said etiological agent under suitable 
75 conditions and detecting the presence of said double-stranded polynucleotide duplex. 

216. A method of detecting the presence of a nucleic acid-containing etiological agent in a subject 
which comprises obtaining a suitable sample from said subject, detecting the presence in said sample of a 
deoxyribonucleic or ribonucleic acid naturally associated with said etiological agent by forming under 
suitable conditions a double-stranded polynucleotide duplex which includes a compound in accordance with 

20 item 101 and a single strand of dexoyribonucleic or ribonucleic acid corresponding to or derived from said 
deoxyribonucleic or ribonucleic acid which is naturally associated with said etiological agent under suitable 
conditions and detecting the presence of said double-stranded polynucleotide duplex. 

217. A method of detecting the presence of a nucleic acid-containing etiological agent in a subject 
which comprises obtaining a suitable sample from said subject, detecting the presence in said sample of a 

25 deoxyribonucleic or ribonucleic acid naturally associated with said etiological agent by forming under 
suitable conditions a double-stranded polynucleotide duplex which includes a compound in accordance with 
item 141 and a single strand of deoxyribonucleic or ribonucleic acid corresponding to or derived from said 
deoxyribonucleic or ribonucleic acid which is naturally associated with said etiological agent under suitable 
conditions and detecting the presence of said double-stranded polynucleotide duplex. 

30 218. A method of detecting the presence of a nucleic acid-containing etiological agent in a subject 

which comprises obtaining a suitable sample from said subject, detecting the presence in said sample of a 
deoxyribonucleic or ribonucleic acid naturally associated with said etiological agent by forming under 
suitable conditions a double-stranded polynucleotide duplex which includes a compound in accordance with 
item 142 and a single strand of deoxyribonucleic or ribonucleic acid corresponding to or derived from said 

35 deoxyribonucleic or ribonucleic acid which is naturally associated with said etiological agent under suitable 
conditions and detecting the presence of said double-stranded polynucleotide duplex. 

219. A method of detecting the presence of a nucleic acid-containing etiological agent in a subject 
which comprises obtaining a suitable sample from said subject, detecting the presence in said sample of a 
deoxyribonucleic or ribonucleic acid naturally associated with said etiological agent by forming under 

40 suitable conditions a double-stranded polynucleotide duplex which includes a compound in accordance with 
item 143 and a single strand of deoxyribonucleic or ribonucleic acid corresponding to or derived from said 
deoxyribonucleic or ribonucleic acid which is naturally associated with said etiological agent under suitable 
conditions and detecting the presence of said double-stranded polynucleotide duplex. 

220. A method in accordance with item 215 wherein said nucleic acid-containing etiological agent is a 
45 bacterium, a virus or a fungus. 

221. A method of testing a bacterium to determine its resistance to an antibiotic which comprises 
preparing a polynucleotide complementary to the deoxyribonucleic acid gene sequence of said bacterium 
which confers resistance of said bacterium to said antibiotic and which includes a nucleotide in accordance 
with item 1 incorporated therein, contacting said polynucleotide under suitable conditions with a deox- 

so yribonucleic acid obtained from said bacterium so as to form a double-stranded hybrid duplex and 
detecting the presence of said duplex, the detection of said duplex indicating resistance of said-bacterium 
to said antibiotic and the absence of said duplex indicating the susceptibility of said bacterium to an 
antibiotic. 

222. A method of testing a bacterium to determine its resistance to an antibiotic which comprises 
55 preparing a polynucleotide complementary to the deoxyribonucleic acid gene sequence of said bacterium 

which confers resistance of said bacterium to said antibiotic and which includes a nucleotide in accordance 
with item 101 incorporated therein, contacting saia polynucleotide under suitable conditions with a 
deoxyribonucleic acid obtained from said bacterium so as to form a double-stranded hybrid duplex and 
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detecting the presence of said duplex, the detection of said duplex indicating resistance of said bacterium 
to said antibiotic and the absence of said duplex indicating the susceptibility of said bacterium to an 
antibiotic. 

223. A method of testing a bacterium to determine its resistance to an antibiotic which comprises 
s preparing a polynucleotide complementary to the deoxyribonucleic acid gene sequence of said bacterium 

which confers resistance of said bacterium to said antibiotic and which includes a nucleotide in accordance 
with item 141 incorporated therein, contacting said polynucleotide under suitable conditions with a 
deoxyribonucleic acid obtained from said bacterium so as to form a double-stranded hybrid duplex and 
detecting the presence of said duplex, the detection of said duplex indicating resistance of said bacterium 
w to said antibiotic and the absence of said duplex indicating the susceptibility of said bacterium to an 
antibiotic. 

224. A method of testing a bacterium to determine its resistance to an antibiotic which comprises 
preparing a polynucleotide complementary to the deoxyribonucleic acid gene sequence of said bacterium 
which confers resistance of said bacterium to said antibiotic and which includes a nucleotide in accordance 

75 with (item 142 incorporated therein, contacting said polynucleotide under suitable conditions with a 
deoxyribonucleic acid obtained from said bacterium so as to form a double-stranded hybrid duplex and 
detecting the presence of said duplex, the detection of said duplex indicating resistance of said bacterium 
to said antibiotic and the absence of said duplex indicating the susceptibility of said bacterium to an„ 
antibiotic. 

20 225. A method of testing a bacterium to determine its resistance to an antibiotic which comprises 

preparing a polynucleotide complementary to the deoxyribonucleic acid gene sequence of said bacterium 
which confers resistance of said bacterium to said antibiotic and which includes a nucleotide in accordance 
with item 143 incorporated therein, contacting said polynucleotide under suitable conditions with a 
deoxyribonucleic acid obtained from said bacterium so as to form a double-stranded hybrid duplex and 

25 detecting the presence of said duplex, the detection of said duplex indicating resistance of said bacterium 
to said antibiotic and the absence of said duplex indicating the susceptibility of said bacterium to an 
antibiotic. 

226. A method in accordance with items 221. 222. 223. 224 or 225 wherein said bacterium is 
selected from the group consisting of Streptococcus pyogenes and Neisseria meningitidis and said antbiotic 

30 a penicillin. 

227. A method in accordance with item 221 wherein said bacterium is selected from the group 
consisting of Staphylococcus aureus . Candida albicans , Pseudomonas aeruginosa. Streptococcus pyogenes 
and Neisseria gonorrhoeae and said antibiotic a tetracycline. 

228. A method in accordance with item 221 wherein said bacterium is Mycobacterium tuberculosis 
35 and said antibiotic is an amino glycoside. 

229. A method of diagnosing a genetic disorder in a subject which comprises preparing a poly- 
nucleotide complementary to the deoxyribonucleic acid gene sequence of said subject which is associated 
with said genetic disorder and includes a compound in accordance with item 1 incorporated therein, 
contacting said polynucleotide under suitable conditions with deoxyribonucleic acid obtained from said 

40 subject so as to form a double-stranded hybrid duplex and detecting the presence of said hybrid duplex, 
the presence or absence of said hybrid duplex indicating the presence or absence of said genetic disorder. 

230. A method of diagnosing a genetic disorder in a subject which comprises preparing a poly- 
nucleotide complementary to the deoxyribonucleic acid gene sequence of said subject which is associated 
with said genetic disorder and includes a compound in accordance with item 101 incorporated therein, 

45 contacting said polynucleotide under suitable conditions with deoxyribonucleic acid obtained from said 
subject so as to form a double-stranded hybrid duplex and detecting the presence of said hybrid duplex, 
the presence or absence of said hybrid duplex indicating the presence or absence of said genetic disorder. 

231. A method of diagnosing a genetic disorder in a subject which comprises preparing a poly- 
nucleotide complementary to the deoxyribonucleic acid gene sequence of said subject which is associated 

so with said genetic disorder and includes a compound in accordance with item 141 incorporated therein, 
contacting said polynucleotide under suitable conditions with deoxyribonucleic acid obtained from said 
subject so as to form a double-stranded hybrid duplex and detecting the presence of said hybrid duplex, 
the presence or absence of said hybrid duplex indicating the presence or absence of said genetic disorder. 

232. A method of diagnosing a genetic disorder in a subject which comprises preparing a poly- 
55 nucleotide complementary to the deoxyribonucleic acid gene sequence of said subject which is associated 

with said genetic disorder and includes a compound in accordance with item 142 incorporated therein, 
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contacting said polynucleotide under suitable conditions with deoxyribonucleic acid obtained from said 
subject so as to form a double-stranded hybrid duplex and detecting the presence of said hybrid duplex, 
the presence or absence of said hybrid duplex indicating the presence or absence of said genetic disorder. 

233. A method of diagnosing a genetic disorder in a subject which comprises preparing a poly- 
5 nucleotide complementary to the deoxyribonucleotide acid gene sequence of said subject which is 

associated with said genetic disorder and includes a compound in accordance with item 143 incorporated 
therein, contacting said polynucleotide under suitable conditions with deoxyribonucleic acid obtained from 
said subject so as to form a double-stranded hybrid duplex and detecting the presence of said hybrid 
duplex, the presence or absence of said hybrid duplex indicating the presence or absence of said genetic 
10 disorder. 

234. A method of diagnosing thalassemia in a human subject which comprises preparing a 
polynucleotide complementary to the deoxyribonucleic acid gene sequence which is absent in £-minus- 
thalassemia subjects and includes a nucleotide in accordance with item 1. contacting said polynucleotide 
under suitable conditions with deoxyribonucleic acid obtained from said subject so as to form a doubte- 
rs stranded hybrid duplex and determining the presence of said duplex, the absence of said duplex indicating 

the presence of tf-minus-thalassemia. 

235. A method of diagnosing thalassemia in a human subject which comprises preparing a 
polynucleotide complementary to the deoxyribonucleic acid gene sequence which is absent in ^-minus- 
thalassemia subjects and includes a nucleotide^ accordance with item 101. contacting said polynucleotide 

20 under suitable conditions with deoxyribonucleic acid obtained from said subject so as to form a double- 
stranded hybrid duplex and determining the presence of said duplex, the absence of said duplex indicating 
the presence of j3-minus-thalassemia. 

236. A method of diagnosing thalassemia in a human subject which comprises preparing a 
polynucleotide complementary to the deoxyribonucleic acid gene sequence which is absent in >3-minus- 

25 thalassemia subjects and includes a nucleotide in accordance with item 141. contacting said polynucleotide 
under suitable conditions with deoxyribonucleic acid obtained from said subject so as to form a double- 
stranded hybrid duplex and determining the presence of said duplex, the absence of said duplex indicating 
the presence of £-minus-thalassemia. 

237. A method of diagnosing thalassemia in a human subject which comprises preparing a 
30 polynucleotide complementary to the deoxyribonucleic acid gene sequence which is absent in ^-minus- 

thalassemia subjects and includes a nucleotide in accordance with item 142, contacting said polynucleotide 
under suitable conditions with deoxyribonucleic acid obtained from said subject so as to form a double- 
stranded hybrid duplex and determining the presence of said duplex, the absence of said duplex indicating 
the presence of j3-minus-thatassemia. 

35 238. A method of diagnosing thalassemia in a human subject which comprises preparing a 

polynucleotide complementary to the deoxyribonucleic acid gene sequence which is absent in 3-minus- 
thalassemia subjects and includes a nucleotide in accordance with item 143. contacting said polynucleotide 
under suitable conditions with deoxyribonucleic acid obtained from said subject so as to form a double- 
stranded hybrid duplex and determining the presence of said duplex, the absence of said duplex indicating 

jo the presence of ^-minus-thalassemia. 

239. A method of chromosomal karyotyping which comprises preparing a series of modified 
polynucleotides corresponding to a series of defined genetic sequences located on chromosomes, said 
polynucleotides including one or more compounds in accordance with item 1. contacting said poly- 
nucleotides with deoxyribo nucleic acid of or obtained from chromosomes so as to form hybrid duplexes 

us and detecting said duplexes, thereby determining the location of said duplexes on said chromosomes and 
the location of said genetic sequences on said chromosomes. 

240. A method of chromosomal karyotyping which comprises preparing a series of modified 
polynucleotides corresponding to a series of defined genetic sequences located on chromosomes, said 
polynucleotides including one or more compounds in accordance with item 101. contacting said poly 

so nucleotides with deoxyribonucleic acid of or obtained from chromosomes so as to form hybrid duplexes and 
detecting said duplexes, thereby determining the location of said duplexes on said chromosome^ and the 
location of said genetic sequences on said chromosomes. 

241. A method of chromosomal karyotyping which comprises preparing a series of modified 
polynucleotides corresponding to a series of defined genetic sequences located on chromosomes, said 

55 polynucleotides including one or more compounds in accordance with item 141 contacting said poly- 
nucleotides with deoxyribonucleic acid of or obtained from chromosomes so as to form hybrid duplexes and 
detecting said duplexes, thereby determining the location of said duplexes on said chromosomes and the 
location of said genetic sequences on said chromosomes. 
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242. A method of chromosomal karyotyping which comprises preparing a series of modified 
polynucleotides corresponding to a series of defined genetic sequences located on chromosomes, said 
polynucleotides including one or more compounds in accordance with item 142, contacting said poly- 
nucleotides with deoxyribonucleic acid of or obtained from chromosomes so as to form hybrid duplexes and 

s detecting said duplexes, thereby determining the location of said duplexes on said chromosomes and the 
location of said genetic sequences on said chromosomes. 

243. A method of chromosomal karyotyping which comprises preparing a series of modified 
polynucleotides corresponding to a series of defined genetic sequences located on chromosomes, said 
polynucleotides including one or more compounds in accordance with item 143. contacting said poly- 

w nucleotides with deoxyribonucleic acid of or obtained from chromosomes so as to form hybrid duplexes and 
detecting said duplexes, thereby determining the location of said duplexes on said chromosomes and the 
location of said genetic sequences on said chromosomes. 

244. A method of identifying or locating hormone receptor sites on the surface of cells which 
comprises binding a compound in accordance with items 1. 101. 141. 142 or 143 to said sites under 

ts suitable conditions permitting binding of said compound to said receptor sites and detecting said com- 
pounds bound to said receptor sites. 

245. A method of tumor or cancer cell identification or detection which comprises identifying or 
detecting malignant cells by detecting abnormal receptor sites associated therewith in accordance with iterrr 
244. 

20 246. A method of diagnosing a tumor cell which comprises preparing a polynucleotide which is 

complementary to a messenger ribonucleic acid synthesized from a deoxyribonucleic acid gene sequence 
associated with the production of a polypeptide diagnostic for or identifiable with said tumor ceil or which is 
complementary to said deoxyribonucleic acid gene sequence and which includes a compound in accor- 
dance with items 1, 101. 141, 142 or 143. introducing said polynucleotide into contact with said cell under 

25 suitable conditions so as to permit said polynucleotide to hybridize with said deoxyribonucleic acid gene 
sequence or said messenger ribonucleic acid and detecting the formation of a resulting formed hybrid 
containing said polynucleotide. 

247. A diagnostic kit useful for determining the presence of a nucleic acid-containing organism or the 
like which comprises a polynucleotide which includes in its make-up a compound selected from the 

30 compounds of items 1, 101, 141. 142 or 143. and which is complementary to all or an identifiable, distinct 
or unique portion of the nucleic acid contained in said organism and means for detecting or expressing the 
presence or absence of a resulting formed hybrid between said polynucleotide and said nucleic acid of said 
organism when said polynucleotide is brought into contact with the nucleic acid of said organism or the like 
under hybrid forming conditions. 

35 248. A method of determining or identifying or diagnosing a first compound capable of complexing 

with or binding with a first component of a second compound, said second compound comprising said first 
component and a second component, said second component being attached to or complexed with said 
first component, which comprises bringing said first compound into contact with said second compound 
whereby said first component of said second compound complexes with said first compound to form a third 

40 compound comprising said first compound and said second compound and contacting said resulting third 
compound with a fourth compound capable of binding with or attaching to said second component of said 
second compound making up said third compound. 

249. A method in accordance with item 248 wherein multiple amounts of said second compound are 
separately brought into contact with said first compound or vice versa. 

■*s 250. A method in accordance with item 248 wherein said first compound is a molecule with a 

receptor site that specifically binds to a second molecule, wherein said first component of said second 
compound is capable of specifically binding with said receptor site of said first compound, wherein said 
second component of said second compound is a sugar, oligosaccharide or polysaccharide and wherein 
said fourth compound is a polypeptide. 

so 251. A method of determining or identifying or diagnosing a first compound capable of complexing 

with or binding with an amino acid, peptide or protein which comprises bringing said first compound into 
contact with a second compound, said second compound comprising an ammo acid, peptide or protein 
attached to or complexed with a sugar, or oligosaccharide or polysaccharide, whereupon said second 
compound complexes with or becomes attached to said first compound to form a third compound 

55 comprising said first compound and said second compound and contacting said resulting third compound 
with a protein or amino acid or peptide capable of binding with or attaching to the sugar or oligosaccharide 
moiety of said second compound making up said third compound. 
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252. A method of determining or identifying or diagnosing a first compound capable of compiexing or 
binding with a first component of a second compound, said second compound comprising said first 
component, a second component attached to or complexed with said first component, said second 
compound being a chelating agent, and a third component, said third component being an ion chelated or 

5 fixed to said second component, which comprises bringing said first compound into contact with said 
second compound whereby said first component of said compound complexes with said first compound to 
form a third compound comprising said first compound and said second compound. 

253. A method in accordance with item 252 wherein said third compound is brought into contact with 
or reacted with a fourth compound under conditions such that said third component of said second 

jo compound making up said third compound catalyzes a discernible or detectable reaction involving or 
otherwise interacting wtth said fourth compound. 

254. A method of chemotherapy involving the delivery of a therapeutic or cytotoxic agent to a 
selected receptor site 'of an organism or human subject which comprises bringing a first compound 
comprising a first component, a second component and a third component into contact with said receptor 

is site, said first component being capable of attaching to or compiexing with said receptor site, said second 
component being attached to said first component and said third component comprising a therapeutic or 
cytotoxic agent attached to said second component whereby upon contacting said receptor site with said 
first compound, said therapeutic or cytotoxic agent brought into contact with or delivered to said receptor 
site, said second component being a sugar, oligosaccharide or polypeptide and said third component 

20 containing said therapeutic or cytotoxic agent additionally comprising an amino acid or peptide or protein 
attached to or fixed to said second component. 

255. A method of determining or identifying or diagnosing in an organism, cellular material or tissue a 
first compound comprising a receptor molecule with a receptor site that specifically binds to a second 
molecule which comprises bribing said organism, material or tissue containing said receptor molecule into 

25 contact with a second compound, said second compound comprising a first component capable of 
compiexing with or binding with said receptor molecule, said second compound also comprising a second 
component, said second component being attached to or complexed with said first component, said first 
component of said second compound when in contact with said receptor molecule complexes with said 
receptor molecule to form a third compound comprising said first compound and said second compound 

30 and contacting said third compound with a fourth compound capable of binding with or attaching to said 
second component of said second compound making up said third compound, said first component of said 
second compound being selected from group A consisting of an amino acid, a peptide, or a protein or from 
group B consisting of a sugar, oligosaccharide or polysaccharide or from group C consisting of a purine, 
pyrimidine. nucleoside, nucleotide, oligonucleotide or polynucleotide, said second component of said 

35 second compound being a sugar, oligosaccharide or polysaccharide and said fourth compound is selected 
from the group consisting of a peptide or polypeptide, a lectin, or an antibody. 

256. A nucleotide in accordance with item 1 wherein said Sig chemical moiety covalentfy attached to 
the base B of said nucleotide includes a coenzyme. 

257. A nucleotide in accordance with item 256 wherein said coenzyme is selected from the group 
40 consisting of thiamine pyrophosphate, flavine mononucleotide, flavine adenine dinucleotide. nicotinamide 

adenine dinucleotide. nicotinamide adenine dinucleotide. phosphate, coenzyme A. pyridoxyl phosphate, 
biotin. tetrahydrofolic acid, coenzyme B., . lipotc acid and ascorbic acid. 

258. A method of detecting a first compound which includes in its make-up a nucleotide in 
accordance with item 256 which comprises contacting said first compound with an apoenzyme correspond- 

45 ing to said coenzyme. 

259. A method in accordance with item 258 wherein said coenzyme is flavine adenine dinucleotide 
(FAD) and wherein said apoenzyme is flavine adenine dinucleotide reductase. 

260. A ribonucleotide in accordance wtth item 101 wherein saia Sig chemical moiety includes a 
coenzyme. 

50 261. A nucleotide in accordance with item 141 wherein said Sig chemical moiety includes a 

coenzyme. 

262. A nucleotide in accordance with item 142 herein said Sig chemical moiety includes a 
coenzyme. 

263. A nucleotide in accordance with item 143 wherein said Sig chemical moiety includes a 
55 coenzyme. 

264. A method of detecting a first compound which includes in its make-up a nucleotide in 
accordance with item 263 which comprises contacting said first compound with an apoenzyme correspond- 
ing to said coenzyme. 
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265. An amino acid or polypeptide in accordance with item 198. wherein said Sig moiety attached to 
said amino acid or polypeptide includes a coenzyme. 

266. An amino acid or polypeptide in accordance with item 265, wherein said coenzyme is selected 
from the group consisting of thiamine pyrophosphate, flavine mononucleotide, flavine adenine dinucleotide, 

5 nicotinamide adenine dinucleotide. nicotinamide adenine dinucleotide phosphate, coenzyme A, pyridoxyl 
phosphate, biotin, tetrahydrofoiic acid, coenzyme B„ , lipoic acid and ascorbic acid. 

267. A method, of detecting a first compound which includes in its make-up an amino acid or 
polypeptide in accordance with item 265, which comprises contacting said first compound with an 
apoenzyme corresponding to said coenzyme. 

iq 268. A method in accordance with item 267, wherein said coenzyme is flavin adenine dinucleotide 

(FAD) and wherein said apoenzyme is flavine adenine dinucleotide reductase. 

269. A monosaccharide or polysaccharide in accordance with item 200. wherein said Sig moiety 
attached to said monosaccharide or said polysaccharide includes a. coenzyme. 

270. A monosaccharide or polysaccharide in accordance with item 269. wherein said coenzyme is 
15 selected from a group consisting of thiamine pyrophosphate, flavine mononucleotide, flavine adenine 

dinucleotide. nicotinamide adenine dinucleotide, nicotinamide adenine dinucleotide phosphate, coenzyme A. 
pyridoxyl phosphate, biotin. tetrahydrofoiic acid, coenzyme B. 2 , lipoic acid and ascorbic acid. 

271. A method of detecting a first compound which includes in its make-up a monosaccharide oc 
polysaccharide in accordance with item 269, which comprises contacting said first compound with an 

20 apoenzyme corresponding to said coenzyme. 

272. A method in accordance with item 271, wherein said coenzyme is flavine adenine dinucleotide 
(FAD) and wherein said apoenzyme is flavine adenine dinucleotide reductase. 

273. A nucleotide in accordance with item 1 . wherein said Sig component comprises a radioactive 
component. 

25 274. A nucleotide in accordance with item 273. wherein said radioactive component comprises 

radioactive labeled avidin attached thereto. 

275. A nucleotide in accordance with item 273. wherein said Sig component comprises radioactive 
labeled streptoavidin attached to biotin. 

276. A single-stranded polynucleotide comprising one or more nucleotides in accordance with item 1 . 
30 wherein said Sig component is radioactive. 

277. A double-stranded polynucleotide comprising one or more nucleotides in accordance with item 1 
and wherein said Sig component thereof is radioactive. 

278. A nucleotide in accordance with item 101. wherein said Sig component comprises a radioactive 
moiety. 

35 279. A polynucleotide comprising a ribonucleotide in accordance with item 101 wherein said Sig 

moiety is radioactively labeled. 

280. A nucleotide in accordance with item 141. wherein said Sig moiety thereof is radioactively 

labeled. 

281. A polynucleotide comprising one or more nucleotides in accordance with item 141 wherein said 
uo Sig moiety thereof is radioactively labeled. 

282. A nucleotide in accordance with item 142, wherein said Sig moiety thereof is radioactively 

labeled. 

283. A polynucleotide comprising one or more nucleotides in accordance with item 142 wherein said 
Sig moiety thereof is radioactively labeled. 

45 284. A nucleotide in accordance with item 143. wherein said Sig moiety is radioactively labeled. 

285. A polynucleotode comprising one or more nucleotides in accordance with item 143 wherein said 
Sig moiety thereof is radioactively labeled. 

286, A single-stranded polynucleotide comprising one or more nucleotides in accordance with item 
143 wherein said Sig component thereof is radioactively labeled. 

so 287. A single-stranded polydeoxyribonucleotide in accordance with item 148. wherein said Sig 

component thereof is radioactively labeled. ... 

288. A polynucleotide containing one or more nucleotides in accordance with item 1, oritem 101. or 
item 141. or item 142. or item 143 wherein said Sig moiety is radioactively labeled. 

289. A polynucleotide containing one or more nucleotides in accordance with item 1 or item 101. or 
55 item 141, or item 142, or item 143, wherein said Sig chemical moiety comprises biotin attached to 

radioactively labeled avidin. 
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290 A polynucleotide containing one or more nucleotides in accordance with item t or item 101. or 
item 141. or item 142. or item 143, wherein said Sig chemical moiety comprises biotin attached to 

radioactively _ .„ . .. 

291 A polynucleotide containing one or more nucleotides in accordance with item i. or item 101. or 
item 141. or item 142. or item 143. wherein said Sig chemical moiety comprises biotin and radioactively 
labeled avidin or strepavidin attached to said biotin. 

292 A method, of determining the presence of a polynucleotide, comprising one or more nucleotides 
in accordance with item 1. or item 101. or item 141. or item 142. or item 143. wherein said S.g component 
of said nucleotide comprises biotin which comprises bringing said polynucleotide into contact with 
radioactive labeled avidin to bind said biotin to said radioactive labeled avidin and determining the presence 
of the biotin bound to said radioactive labeled avidin by detecting the radioactivity of the biot.n-bound 

radioactive avidin. . . 

293 A method of determining the presence of a polynucleotide, comprising one or more nucleot.des 
in accordance with item 1. or item 101. or item 141. or item 142. or item 143. where.n sa.d Sig component 
of said nucleotide comprises biotin which comprises bringing said polynucleotide into contact with 
radioactive labeled strepavidin to bind said biotin to sad radioactive labeled strepavidin and determining the 
presence of the biotin bound to said radioactive labeled strepavidin by detecting the radioactivity of the 
biotin-bound radioactive strepavidin. 

294 A polynucleotide containing one or more nucleotides in accordance with item 1 or item 101. or 
item 141 or item 142. or item 143. wherein said Sig moiety comprises a radioactively labeled antibody^ 

295 A polynucleotide containing one or more nucleotides in accordance with item 1 or item 101 
item 141 or item 142. or item 143. wherein said Sig moiety comprises a radioactively labeled prote.n. 

296 A polynucleotide containing one or more nucleotides in accordance with item i or item 101 
item 141 or item 142. or item 143. wherein said Sign moiety comprises a radioactively labeled lectin. 

The following examples are illustrative of various embodiments of the practices of this invention: 



or 



or 



EXAMPLE I 



30 



35 



Biotinyl-N-hydroxysuccinide ester (BNHS) was prepared according to a method of Becker et al, 
PNAS 68 2604 (1971). Biotin (0.24 g. 1.0 mmol) was dissolved in Sml dry dimethylformam.de 
DicyciohexTlcarbodimide (0.21 g. 1.0 mmol) and N-hydroxysuccinimide (.12 g. 1.0 mmol) were added and 
the solution stirred at room temperature for 15 hours. After filtration of the subsequent precipitate, the filtrate 
was evaporated at reduced pressure the residue was washed twice with ethanol and reccovered from hot 
isopropyl alcohol to yield a white crystalline product having a m.p. of 216-218°C. 



40 
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50 



EXAMPLE II 

Biotinyl-1.6-diaminohexane amide was prepared as follows: A solution of 1,6-diaminohexane (320 mg, 
2 0 mmol). dissolved in 50 ml water, was brought to pH 8.5 by addition of carbon dioxide. B.ot,nyl-N- 
hydroxysuccinimide ester (100 mg. 0.29 mmol). dissolved in 10 ml dimethylformam.de. was added^After 18 
hours at room temperature the m.xture was evaporated and the residue washed with ether and subse- 
quently dried in a dessicator. 



EXAMPLE 



Polybiotinylated poly-L-lysine was prepared by the following procedure. Polylysine (100 umol lys.ne) 
dissolved in 2 ml 0.1 M sodium borate. pH 8.5 was added to b.otinyl-N-hydroxysucc.mide ester (17.5 mg. 
50 umol) dissolved in 0.5 ml dimethylformamide. After stirring at room temperature for 18 hours, the-mixture 
was dialyzed against 10 mM tris buffer, pH 7.5. 
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EXAMPLE IV 

Oligodeoxyribonucleotides were end-labeled using cytidine-5-triphosphate and terminal transferase as 
follows. Purified phage DNA, alkali sheared with 0.2 N sodium hydroxide and diluted to 2 A„ e units ml in 
potassium cacodylate (0.1 M), tris base (25 mm), cobalt chloride (1 mM) and dithiothreitol (0.2 M) were 
used. To this DNA solution (1 ml) was added cytidine-5'-triphosphate (10 mmol) and terminal transferase 
(200 units). After incubating at 37° for 5 to 8 hours the reaction was stopped by the addition of neutralized 
phenol (100 ul). 0.5 M EDTA (100 ul) and 1% sodium dodecyl sulfate (100 ul). The DNA was purified by gel 
filtration chromatography through Sephadex G-100 followed by precipitation with ethanol. 



EXAMPLE V 

Biotin and polybiotinylated poly-L-lysine were coupled to oligoribonucleotides using a carbodimide 
coupling procedure described by Halloran and Parker. J. Immunol. . 96 373 (1966). As an example. DNA (1 
ug.ml). 1 ml) in tris buffer pH 8.2. sheared with 0.1 N sodium hydroxide was denatured by boiling for 10 
minutes and quick cooling in an ice bath. BiotinyM .6-diaminohexane amide (2 mg. 6 umot) or poly- 
biotinylated poly-L-lysine (2 mg) and i-ethyl-3-diisopropylaminocarbomide HCI (10 mg, 64 umol) were, 
added, and the pH readjusted to 8.2. After 24 hours at room temperature in the dark, the mixture was 
dialyzed against 10 mM tris buffered saline. DNA was precipitated ethanol. 



EXAMPLE VI 

Biotin, conjugated to cytochrome C, was prepared by the following procedure. To a solution of 
cytochrome C (10 mg) in 1 ml of 0.1 M sodium borate. pH 8.5 was added biotinyl-N-hydroxysuccin.m.de 
ester (10 mg, 29 umol) in 1 ml dimethyl formamide. After 4 hours at room temperature, the biotinylated 
protein was purified by gel filtration chromatography through a Sephadex G-50 column. 



EXAMPLE VII 

Formaldehyde coupling of cytochrome C-b.otin and polybiotinylated poly-L-lysine to oligodeox- 
yribonucleotides were carried out using a method similar to that described by Manning et al. Chromosoma. 
53 107 (1975). Oligodeoxyribonucleotide fragments obtained by sodium hydroxide shearing of purified DNA 
(TOO ug/ml in 10 mM triethanolamine, pH 7.8 were denatured by boiling for 10 minutes followed by quick 
cooling in ice. Cytochrome C-biotin 0.05 g ml or polybiotinylated poly-L-lysine solution (0.05 ml) dissolved 3 
mg/ml in 10 mM triethanolamine. pH 7.8 was added to 1 ml at the denatured oligodeoxyribonucleotide 
solution along with 0.1 ml of 6% formaldehyde in 10 mM triethanolamine, pH 7.8. After stirring at 40° for 30 
minutes the mixture was dialyzed against the same buffer. The oligodeoxyribonucleotide-biotin complex was 
finally purified by gel filtration chromatography on Sephadex G-100 followed by precipitation from ethanol. 



EXAMPLE VUI 

Double stranded polydeoxyadenylic acid:polybiotinylated deoxyuridylic acid was synthesized as follows. 
The double stranded oligonucleotide polydeoxyadenylic acid:polythymidylic acid (20 ug) of length 300 basic 
pairs, dissolved in 200 ul exonuclease lit buffer consisting of Tris-HCI pH 8.0 (70 mM); magnesium chloride 
(1 0 mM) and dithiothreitol (10 mM) was incubated with 100 units exonuclease III for 20 minutes at 20°C. 
The partially digested oligonucleotide was immediately extracted with phenol, and the DNA was precipitated 
with 70°'o aqueous ethanol. The partially digested oligonucleotide was redissolved in 20 ul 5mM tris-HCI pH 
7.6 and incubated at 20°C. for 2 hours in a reaction containing 2'--deoxy-adenosine-5'-triphosphate (15 uM) 
thymidine-5'-triphosphate (the amount determines the degree of substitution) and biotinylated 5-<3-amino-l- 
propene) 2'-deoxyuridine-5'-triphosphate (5 uM), Klenow DNA polymerase I (200 units) dissolved in 0.1 
mM) potassium phosphate. pH 8.0 at a concentration of 0.2 units/ul. The biotinylated poly dA:poly dT, 
biotinyl dU was purified by gel filtration chromatography on Sephadex G-100. The DNA was enthanol 
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(50 mol). zinc sulfate (1 mM) and glycerol (5/.). S. nuclease hwuu ^ g m| 



EXAMPLE IX 



TO 



Ligation of poly dA:po.y dT. biotiny, dU to <**~^ 
fragments from a.ka.i sheared purified DNA ,as descnbe ,n «e ^ digested 
and repurified by phenol extraction and ethanol preap, won. B ^^°Z JJwj, pH 7.2 ,66 mM), 
dA:poly dT. biotinyl dU (2 ug, were dissolvec ^ ,n 6 u at «^ SJJSi l-OmM). T. DNA ligase 
magnesium chloride (6.6 mM). adenosme tnph«phM • ^ m ^^ Aon w ( as jncubate d 3 hours at 



precipitated. 
EXAMPLE X 



20 



25 
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5 -Hydroxymethy, 2 --deo X ycytidylic acid was prepa jd * .^^Jf^o^CSS 
phage T. DNA. Purified phage DNA <2 mg). dissolved ,n ml 50 mM tns pH ^ 
chloride, was incubated 20 hours with deoxynbonu * " J^*,, ^ ml wate r) was added and 
chloride (20 mM) added. Snake venom P^ 0 *^^ was added and 

incubation continued at 37- for 5 ^^Jjj*;,^ chromatography through 
E2£ cSo^d^l ~i punf^by reverse phase high pressure liquid 



chromatography. 
EXAMPLE XI 



40 



J5 



was purified by reverse phase high-pressure liquid chromatography. 
EXAMPLE XII 

hydroxyzine, •*» <™ ™« « " S *'*m °o", „ ^r»o.«. PH 8.5. Alter 4 »». ft. 

srrs»^s^r«si?- « — — — - - puri, ' et) 01 ,e - rse 

phase high pressure liquid chromatography. 



so EXAMPLE XIII 



55 



reel. «» tako » i" l»t e«ano. ant) tecryst.ll.zea wn '"^"^y'-O-bot^yl 
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filtered and evaporated. The resulting oil was treated with anhydrous ethanol (2 ml) and chromatographed 
on silica gel to obtain the partially pure anomer which was recrystallized from ethanol (M.P. 195-196°C.) 
The toluyl groups were removed by reaction of the product in methanol benzene with sodium methoxide. 
The mixture was neutralized with Dowex 50 (H + ). 5-formyl-2'-deoxyuridine was recrystallized from ethanol 
5 M.P. 175-176°C. 



EXAMPLE XIV 



10 



15 



Biotin was coupled to 5-formyl-2'-deoxyuridine as follows: To 5-formyl-2'-deoxyuridine (.320 g, 1.0 
mmol) dissolved in 300 ml 0.05 M sodium borate, was added biotinyl-i.6-diaminohexane amide (0.74 g, 2 
mmol). After stirring one hour, sodium borohydride (0.2 g. 5 mmol) was added and stirring continued for an 
additional 4 hours followed by the addition of 8 ml 1M formic acid. The biotinated compound was purified 
by reverse phage HPLC eluting with methanol:0.5 M triethyl ammonium acetate. pH 4.0. 
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EXAMPLE XV 



Biotin was coupled to 5-amino-2'-deoxyuridine as follows: 5-amino-2'-deoxyuridine (0.24 g, 1 mmol). 
20 biotin (0.25 g. 1 mrriol) and dicyclohexylcarboimide (0.21 g. 1 mmol) were dissolved m dry dimethyl 
formamide and stirred at room temperature overnight. After filtration and evaporation of the solvent, the 
residue was washed with ether. The biotin-coupled product was purified by reverse phase high pressure 
liquid chromatography using a water methanol gradient. 



45 



EXAMPLE XVI 



5-{oxy)acetic acid-2'-deoxyuridine was prepared according to a procedure of Deschamps and Declerq. 
j Med. Chem. , 21. 228 (1978). 5-hydroxy-2-deoxyuridine (282 mg. 1.15 mmol) was dissolved in 1.16 ml. 
TN^cTasliuTirhydroxide {1.16 mmol) after which lodoacetic acid (603 mg, 3.4 mmol) in 1 ml water was 
added. After reaction at room temperature for 48 hours IN HQ d-06 ml) was added. Concentration of this 
solution and addition of ethanol yielded a precipitate which was filtered, washed with cold ethanol and 
recrystallized from hot ethanol. 



EXAMPLE XVII 



Biotinyl-1.6-diaminohexane amide was coupled to 5-(oxy)acetic acid-2'-deoxyuridine as follows: Biotinyl- 
1 5-diaminohexane amide (0.74 g. 0.2 mmol), 5-{oxy)acetic acid-2'-deoxyuridine (0.60 g. 0.2 mmol) and 
40 dicyclohexylcarboimide (0.41 g. 0.2 mmol) were dissolved in 5 ml dry dimethylformamide and remained 
overnight at room temperature. The reaction was subsequently filtered and the solvent removed by 
evaporation. The residue was washed with .1N HC! and ether. The biotinated uridine derivative was purified 
by reverse phase high pressure liquid chromatography using a water-methanol gradient. 



EXAMPLE XVIII 



Phosphorylation of 5-substituted pyrimidine nucleosides was accomplished by the general procedure 
described below for biotinated-5-(oxy)acetic acid-2'-deoxyuridine. The nucleotide (0.16 g. 0.5 mmol) was 

so dried by repeated evaporation from dry pyridine and redissolved in 10 mi dry pyridine. Monomethoxytrityl 
chloride (0.30 g, 0.8 mmol) was added and the mixture stirred at room temperature in the dark for -t8 hours. 
The solution was diluted with chloroform (200 ml) and extracted with 0.1 M sodium bicarbonate. The 
organic layer was dried and evaporated. The tritylated nucleoside was redissolved in dry pyridine (20 ml) 
and acetylated by reaction at room temperature with acetic anhydride (0.1 ml. 20 mmol). The mixture was 

55 cooled to 4°C. and methanol (40 ml) added. After stirring 10 hours at room temperature, the reaction was 
concentrated by evaporation. The compound was detritylated by dissolving in 1% benzene sulfonic acid m 
chloroform (20 ml). After evaporation of solvent the nucleoside was purified by chromatography on silica gel 
eluting with 2% methanolxhloroform. The 3'-acetylated nucleoside was dried by repeated evaporation of 
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10 



minutes and at room temperature tor 1 hour Th, was add* U ■> y ^ ^ ^ ^ 

mixture stirred at room temperature for 1 hou after wh en it was ^ wag adde£j 

and the reaction stirred at room «W"f»^VZ« Se s^as washed with water and ether. The 
and the barium salt of the nucleot.de collected by fi *^ n - ™ sa " wa f was * jn 10 ml water for 4 

chromatography. 



EXAMPLE XIX 



S^UHtuM p»rimi<M ..phosphaes w.,. e«»e« ly PW- ™ Ts- 

was added to preapitate the -c.eoside-5-diphenylpyrop osphamj^ was J^J^^ i fter 45 

30 triethyiammonium bicarbonate ph 7.5. 
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EXAMPLE XX 



35 



40 



DNA was .abeled with 5-substituted pyrimidine ~ K££ 

the appropriate tnphosphate. An example follows or « 9 P— ° magnesiu m chloride (5 mM) 2'- 
deoxyuridine. DNA (20 ug.ml) was .ncubated at 14 C. .n .he P™"*» °' mag osine _ 5 .. 
deoxycytidine-S'-tnphosphate (15 mM), 2'deoxya ^!^^^% U ^ pancreatic 

Sephadex G-100 and precipitation from cold ethanoi. 
EXAMPLE XXI 

PRECIPITATION OF GLUCOSYLATED DNA BY CONCANAVALIN A 

Reaction mixtures (1.0 ml) were prepared in i .5 ml eppenaori tubes as foi.ows: 

Sodium potassium phosphate. pH 6.5 lOmM 
NaCI l50mM 
MgSO* 5mM 
55 CaCI, imM 

DNA <T4 of calf thymus) 50ug 
Cancanavalin A (10 mg/ml) 50-500 ug 
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Reactions were started by the addition of concanavalin A (Con A). The solutions were mixed and left at 
room temperature for 60 minutes. The tubes were centrifuged at 1200 g for 15-20 minutes. The 
supernatants were diluted and the A» 0 was measured. 

Since Con A absorbs at 260 nanometers, control solutions lacking ONA but containing Con A were 
prepared. The Con A absorbance was substracted from the absorbence obtained in the complete reaction 
mixtures. 

The results of this reaction are presented in accompanying Figure 1. 



W EXAMPLE XXII 

BINDING OF GLUCOSYLATED DNA TO CONCANAVALIN A 

Phage T4 DNA and phage DNA were labeled by incorporation of H 3 -deoxyadenosine triphosphate into 
75 the DNA by nick translation according to the Ftigby et al procedure. T4 DNA was nick translated to a 
specific activity of 5 X I0 5 cpm/microgram and an average double-standed size of 5 kitobases. Lambda DNA 
was nick translation to a specific activity of 3 X l0 s cpm/mtcrogram and an average double stranded size of 
6.0 kiiobases as determined by agarose gel electrophoresis. Unincorporated nucleotides were removeO 
from the reaction mixtures by Bio-Gel P-60 chromatography. 
20 Con A sepharose was prepared as described by the manufacturer (Pharmacia). One ml of settled gel 
contained 18 mg of bound Con A. One ml columns were prepared in sterile pasteur pippetes and were 
equilibrated with PBS (0.15 M NaCI; .01 M sodium potassium phosphate, pH 6.5). 

H 3 -DNA samples were prepared in 0.5 ml of buffer (as described in Example XXI but without Con A). 
T4 DNA solutions contained 176.000 cpm.0.5 ml, and DNA solutions contained 108.000 cp. 0.5 ml. A 0.5 ml 
25 sample was applied to the column. 

A 10.5 ml volume of buffer was passed through the column, and the eluate fractions (0.33 m) were 
collected and counted in a Beckman LSC-100 scintillation counter in a 3.5 ml reafluor cocktail (Beckman). 
The results (Figures 2A and 2B) show that non-glucosylated DNA was not bound whereas glucosylated T4 
DNA was bound to the column. The bound T4 DNA was removed by washing the column with a higher pH 
30 buffer (Tris-HCl. pH 7.2 - 8.2). 

Furthermore, consistent with the interaction of glucose and Con A. mannose. when mcluded in the 
buffer in which the DNA is applied to the column, prevents binding of glucosylated DNA to Con A 
sepharose. Also, mannose-containing buffer (PBS-containing 0.056 M mannose) removes bound T4 DNA 
from Con A sepharose (Figures 3A and 3B). 

Further illustrative of the practices of this invention directed to nonradioactive methods or techniques of 
assaying for specific nucleic acids, the following example deals with the use of the sugar-lectin system. 
This example deals with the use of ONA which is not glycosylated in nature but rather has had a maltotnose 
group added thereto by way of nick translation described herein. The maltotriose modified dUTP and DNA 
modified therewith bind specifically to a column of concanvalin A covalently bound to sepharose. By this 
technique and in accordance with the practices of this invention, there is provided a means for specifically 
labeling any nucleic acid with sugars. As previously indicated herein, nick translation is only one of a 
number of techniques and approaches possible for the production of the modified nucleic acids in 
accordance with this invention. 
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EXAMPLE XXIII 

Lambda DNA was nick translated as described herein with maltotnose coupled to 5-i3-am.no-i- 
propenyl)-2'-deoxyuridine-5* triphosphate and 2H-2'-deoxyadenosine-5'-triphosphate. Under these conditions 
DNA was substituted to 40 per cent of its thymidine residues with the maltotnose nucleotide and had a 
specific activity of 8 X 10* counts per minute (cpm) per microgram of DNA. A control sample-of DNA 
substituted only with 3 H-dATP had a specific activity of 6*10 5 cpm per microgram DNA. The nick 
translated DNA samples were purified free of reaction mixture components by Biogel P-60 chromatography 
as described herein. 

The purified samples were applied to Con A-sepharose columns as described in Figures 2A and 2B. 
The maltotriose-labeled DNA was retained on the column when washed with PBS but was removed by 
subsequent elution with lOmM Ths-HCt. pH 8.2 (Figure 4A). The unsubstituted tritiated DNA did not bind to 
the column at pH 7.4 (Figure 4B). 
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EXAMPLE XXIV 



10 



Nucl. Acids Res. 2. 2183 (isca). copper mui « Jl„ nteH and the residue washed wth water and 

wiTzi^cTowd^ (2 g) in 20 ml water. The mixture was decanted, and I he resrtu a 
then 5% hydrochloric- acid and water. Just before use^ th so d (2 9) J as c ^ drQCh|oric acid and 
acetone (20 ml). After filtration the res.due ^washed wrth a cet °7^^ 

then pure acetone. Activated After cooi ng and filtration. 2- 

(,.3 mg. 4 mmol) were stirred in 3 ml d.methylsulfox.de at 110 C. for 1 hour Ane 9 

EXAMPLE XXV 

precipitated product collected M.P. 276-277°C. 



20 a 



25 



EXAMPLE XXVI 

. ESSES pressuie. and ~J%^J^£?,S%Z£. 
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EXAMPLE XXVH 



EXAMPLE XXVIII 

Roberts ana Vissef. A 451 2«jn. Soc. 14.685 66! II 95ZV 5 o o 

75 ml hot isopropyl alcohol. 
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EXAMPLE XXIX 

5-(methylamino)-2'-deoxyuridine (0.2 g) was prepared as follows. 5-cyano-2'-deoxyuridine (0.2 g, 0.05 
mol) was dissolved in 1 N hydrochloric acid (10 ml). 10% palladium on charcoal (0.1 g) was added, and the 
mixture hydrogenated at 40 p.s.i. for 10 hours at room temperature. The mixture was filtered and the water 
evaporated at reduced pressure. The residue was triturated with ether, and the product was recrystallized 
from 80% ethanol. . 



w EXAMPLE XXX 

Maltose those was oxidized to the corresponding carboxylic acid by the following method. Maltose 
triose (0.5 g, 0.94 mmol) was dissolved in water (5 ml). Lead carbonate (0.42 g. 1.1 mmol) and bromine 
(0.17 ml). 3.3 mmol) were added, and the mixture was allowed to react at room temperature for six days 
is after which no reducing sugar remained. The mixture was filtered, and silver carbonate (0.2 g) added. After 
refiltering, the filtrate was deiomzed by elution through Dowex 50 (H* form). Evaporation of water and drying 
in the presence of phosphorus pentoxide yielded the desired product. 



20 EXAMPLE XXXI 

Maltose triose was coupled to 5-(3-amino-l-propenyl)-2'-deoxyundine-5'triphosphate by the following 
procedure. Oxidized maltose triose (190 mg. 0,18 mmol) was dissolved in dimethylformamide (0.8 ml) and 
cooled to 4°C. Isobutyl chloroformate (25 mg. 0.18 mmol) and tri-n-butylamine (43 ul. 0.38 mmol) were 

25 added, and the solution allowed to react at 4°C. for 15 minutes. 5-<3-amino-l-propenyl)-2'-deoxyuridine-5'- 
triphosphate (9.0 umol). dissolved in dimethyl formamide (1.2 ml) and 0.1 4 sodium borate and cooled to 
4°C, was added to the above solution. The mixture was incubated at 4°C. for 1 hour and at room 
temperature for 18 hours. It was then loaded on a DEAE-cellulose column and eiuted with a gradient of 0.1 
to 0.6 M triethylammonium bicarbonate. pH 7.5. The product was finally purified by reverse phase high 

30 pressure liquid chromatography. 

Following are Examples XXXIi and XXXIII. Example XXXII is a method of tagging allylamine modified 
dUTP with a fluorescein substituent. This is an example of creation of a self detecting nucleic acid probe. 
Example XXXIII is a method of labeling preformed double helical nucleic acids at the N* position of guanine 
and the N* position of adenine. Example XXXVII has the detector molecule linked to the probe. 

35 Chromosoma 84: 1-18 (1981) and Exp. Cell Res. 128:485-490, disclose end labeling of RNA with 
rhodamine. However the procedure of this invention is less disruptive and labels internal nucleotides. 



EXAMPLE XXXII 

40 

Fluorescein was coupled to 5-(3-amino-i-propyl)-2'-deoxyuridine-5'-triphosphate (AA-dUTP) as follows. 
AA-dUTP (10 umol). dissolved in 2 ml sodium borate buffer (0.1 m). pH 9.0. was added to fluorescein 
isothtocyanate (10 mg, 25 umol) dissolved in 1 ml dimethylformamide. After four hours at room temperature 
the mixture was loaded onto a DEAE-cellulose column equilibrated in triethylammonium bicarbonate buffer. 
45 pH 7.5. The fluorescein coupled AA-dUTP was purified by elution with a gradient of from 0.1 to 0.6 m 
triethylammonium bicarbonate. pH 7.5. 



EXAMPLE XXXIII 

50 

DNA may be modified by reaction with chemical alkylating agents. Lambda DNA was alkylated in Im- 
position of guanine and N 6 position of adenine by reacting DNA with aromatic hydrocarbon 7- 
bromomethylbenz(a]anthracene. 7-bromomethylbenz(a]anthracene was obtained as -follows. 7-methyl[a]- 
anthracene in carbon disulfide solution was cooled in a freezing mixture and treated dropwise with a molar 
55 equivalent of bromine. After 30 minutes, the product in suspension was collected, and was washed with dry 
ether and recrystallized from benzene. The yield was 66% with melting point 190.5-191.5°C. 

DNA, purified from phage Lambda. (1.6 mg) was solubilized in 5.0 ml of 20 mM potassium phosphate 
pH 6.5. To 4.0 ml of DNA solution was added 500 micrograms 7-bromomethylbenz[a]anthracene in dry 
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acetone. After 30 minutes at 20°. the DNA was precipitated with two volumes of cold ethanol. The 
precipitate was washed successively with ethanol, acetone and ether to remove any unbound 7- 
bromomethylbenz(a]anthracene. Enzymatic hydrolysis of the DNA to nucleosides and subsequent 
chromatography of the products on Sephadex LH-20 columns, indicated that 18% of the adenine and 48% 
s of the guanine in DNA were modified in N* and N 2 positions, respectively. 

The modified DNA was made single stranded either by (1) heating to 100° for 5 minutes and rapid 
cooling or (2) incubating with equal volume of 0.1 M NaOH for 10 minutes and then dialyzing the solution 
for four hours against 1 ml tris-HCI pH 8.0 containing 0.5 ml EDTA to keep the DNA in single-stranded form. 



w 



EXAMPLE XXXIV 



A DNA probe was ligated to a synthetic DNA composed of repeated sequences of E. coli lac operator 
DNA. After hybridization to detect antiprobe sequences, the hybridized DNA was detected by reaction with 

is biotinylated lac repressor which was. in turn, detected by an enzyme linked immuno sorbent assay using 
goat antibiotin IGG to react with the biotin and a second antibody coupled to horse radish peroxidase. The 
lac polyoperator DNA has been described by Caruthers (Second Annual Congress for Recombinant DNA 
Research. Los Angeles. 1982). and it was ligated. in a blunt end ligation, using T4 ligase. to an adenovirus 
DNA probe. In situ hybridization of the polyoperator-labeled probe DNA was carried out as described by 

20 Gerhard et al (Proc. NatL Acad. Sci. USA. 78, 3755 (1981). Biotinylated lac repressor was prepared as 
described by Manning et al (Chromosoma . 53. 107-1 17 (1075) and was applied to adenovirus infected cells, 
fixed to a glass slide, in Binding buffer composed of (0.01 MK CI. 0.01 M tris (pH 7.6), 0.01 M MgSO<, 10 4 
MEDTA, 10~* M DTT. 5% DMSO (dimethyl sulfoxide) and 50 ugml bovine serum albumin by J. Miller. 
Experiments in Molecular Genetics . Cold Spring Harbor Laboratory (1972). The slides were washed in 

25 binding buffer to remove unbound biotinylated lac repressor and then assayed for biotin using the horse 
radish peroxidase-linked double antibody procedure. This procedure could be adapted to create an affinity 
column where the probe could be bound to immobilized repressor protein and then removed by elution with 
a specific inducer, for example, isopropylth.galactoside or thiomethytgalactos.de. The affinity of the 
repressor-operator complex is quite high 10" 1 M. When a specific inducer binds to the repressor the 

30 operator-repressor complex collapses. 



EXAMPLE XXXV 

35 5-Bromo-2'-deoxyuridine-5'-phosphate was prepared as follows: 2'-Deoxyuridine-5'-phosphate (6.2 g) 
was suspended in a mixture of 60 ml pyridine and 30 ml acetic acid. Bromine (0.84 ml) was added with 
stirring in an ice water bath and stirring continued for 20 hours at room temperature. The solution was 
concentrated by vacuum. After redissolution in a minimum of water a crude product was precipitated by 
addition of ethanol. The crude product was chromatographed on Dowex 50 (H*) and etuted with water. The 

40 free acid product was precipitated from the concentrated etuent by addition of ethanol. 



EXAMPLE XXXVI 

45 Calf intestine alkaline phosphate was biotinylated as follows: The enzyme (1 mg. 7.7 mmol) was 
chromatographed on a G-50 column eluting with 0.1 M Hepes buffer pH 8.0 containing 0.1 M sodium 
chloride. The pooled fractions were reacted with N-biotinyl-6-amino-caproic acid-N-hydroxysuccinimide 
ester (0.675 mg, 0.77 umol) dissolved in 10 ml diemthylformamide at room temperature for 1 hour. Sodium 
periodate (0.1 M 125 ul) was added and stirring continued for 2 hours. The mixture as dialyzed at 4° 

so overnight in 0.1 M Hepes buffer pH 8.0 with 0.1 M NaCl after which the pH was adjusted to 7.4. Biotin 
hydrazide (0.1 M. 0.5 ml) dissolved in 0.1 M Hepes buffer pH 7.4 and 0.1 M NaCI was added"and the 
reaction stirred for 30 minutes at room temperature. The pH was adjusted to 8.0 with 0.2 M sodium 
carbonate and 0.5 ml of freshly prepared 0.1 M sodium borohydride in water was added, the solution was 
dialyzed against 0.1 M tris buffer pH 8.0 with 0.1 M NaCl. 
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EXAMPLE XXXVH 

6-Cyano-2'-deoxyuridine-5'-phosphate was prepared similarly to a procedure of Veder et al, J. Car- 
bohydr. Nucleosides, Nucleotides , 5. 261 (1978). 5-bromo-2'-deoxyuridine-5'-phosphoric acid (2.0 g, 15 
mmol) dried by successive evaporation from pyridine was dissolved in 50 ml dimethylsuifide. Sodium 
cyanide (490 mg, 10 mmol) was added and the solution stirred at room temperature for 2 days. The 
solution was diluted with 400 ml water and the pH adjusted to 7.5. It was applied to a DEAE-cellulose 
column (HCO~3 form) washed with 2000 ml 0.02 M triethylammonium bicarbonate to yield the desired 
product. 



EXAMPLE XXXVIII 

6-(Methylamino)-2'-deoxyuridine-5'-phosphoric acid was prepared as follows: 6-Cyano-2'-deoxyuridine- 
5*-phosphoric acid (0.2 g, 60 mmol) was dissolved in 0.1 M hydrochloric acid. After addition of 10°'* 
palladium on charcoal (0.1 g). the mixture was hydrogenated at 40 psi for 20 hours at room temperature. 
The mixture was filtered, neutralized with lithium hydroxide and lyophilized. The product residue was 
extracted with ethanol. 



EXAMPLE XXXIX 

Horse radish peroxidase (20 mg) dissolved in 5 ml distilled water was added to 1.0 ml freshly prepared 
0.1 M sodium periodate solution. After stirring at room temperature for 20 minutes it was dialyzed overnight 
at 4°C. against 1 mM sodium acetate pH 4.4. Biotin hydrazide (2.6 mg. 5*10-2 mmol) dissolved 2.0. 0.1 M 
Hepes buffer pH 7.4 with 0.1 M sodium chloride was brought to pH 8.0 with 0.2 M sodium carbonate and 
0.5 ml of a freshly prepared 0.1 M sodium borohydride solution in water was added. After 2 hours at 4°C. 
the protein was purified on a Sephadex G-50 column eluting with 0.1 M Hepes and 0.1 M NaCI. 



30 

EXAMPLE XL 

Carrot acid phosphatase has been mentioned by Brunngraber and Chargaff. J. Biol Chem. , (1967) 242. 
4834-4840 as a byproduct of the purification of phosphotransferase and has been purified to a specific 

35 activity of 460 uM/mg/min at 37°C. with paranitrophenylphosphate as the substrate. The purification 
involved the steps of (a) absorption of non-specific proteins by DEAE cellulose; (b) acid purification of the 
enzyme; (c) acetone fractionation; (d) concanvalin A affinity chromatography; (e) hydroxy-apatite chromatog- 
raphy and (f) Sephadex G-100 fractionation. The specific activity of the enzyme subjected to the Sephadex 
G-100 fractionation due to loss of activity in the preceding affinity chromatography step (d) was 170 

40 uM/mg/m. By changing elution conditions at step (d). these losses can be avoided with the result that the 
specific activity of the enzyme before the Sephadex G-100 fractionation can be improved to 340 uM/mgm. 
The Sephadex G-100 fractionation step should yield an enzyme having a specific activity of 800 uM/mg.m 
or higher. Carrot acid phosphatase was btotinylated using a procedure of Wilchek et al Biochemistry 6. 247 
(1967). To the enzyme (20 mg) dissolved 0.1 M NaCI, pH 5. was added biotin hydrazide (2.0 mg, 7* 10 ; 

45 mmol) and 1-ethyl-3-(3-dimethylaminopropyl) carbodimide hydrochloride (1 mg, 7*10 3 mmol) dissolved in 
0.1 M NaCI, pH 5. After 2 hours at 4°C. the enzyme was chromatographed on Sephadex G-50 eluting with 
0.1 M sodium acetate, pH 5.0. 

Of special importance and significance in the practices of this invention is the utilization of self-signaling 
or self-indicating or self-detecting nucleic acids, particularly such nucleic acids which are capable of being 

so incorporated in double-stranded ONA and the like. Such self-signaling or self-detecting nucleic acids can be 
created by covalently attaching to an allylamine substituent making up a modified nucleotide in accordance 
with this invention a molecule which will chelate specific ions, e.g. heavy metals, rare earths, etc. In general, 
the chelated ion can be detected either (a) by radioactive emission or (b) by using -the ion to catalyze a 
chromogenic or fluorogenic reaction. 

55 By way of example, a solution of 3,4-dinitro phenol is reduced to 3.4-diamino cyclohexane 
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This material is then brominated 
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to form 3.4-diamino bromo cyclohexane (dABCH). This compound is reacted with halide (CI. Br. I) 
20 substituted carboxymethyl compound to produce a tetra carboxymethyl derivative or dABCH (TCM- 
dABCH): 
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The bromine is substituted by an amino group using soluble ammonia: 
Br 
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+ MH . ' (liq) 
4 




I 



Then this compound is reacted with chloro thiophosgene to produce the isothiocyanate derivative of 
(TCM-dANCH). 



5) 



0-»~ s=c=M- r 




ss 



Finally, this compound is reacted with dUTP-allylamine derivative to produce modified dUTP. 
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Cobalt or other heavy metal ions or other rare earth ions can be chelated to the compound after step 3 
above. Or the nucleic acid can be substituted with this adduct and then the ion added. (Example, cobalt is*" 
added at pH 6 where the binding constant is 10 "M). 

Cobalt can be assayed by radioactivity. It can also be detected by its ability to oxidize methylene blue 
to the leuco form in the presence of molecular oxygen. It can be used to oxidze soluble sulfhydro groups to 
disulfide bonds again in the presence of molecular oxygen. 

This type of self-signaling molecule can be used to monitor any nucleic acid hybridization reaction. It is 
particularly important for detecting nucleic acids in gels (for example, sequencing gels). 

With respect to its use in radioactivity, it can be used to tailor the isotope needed, i.e. if a weak or 
strong £ or 7 emitter is needed, that isotope can be chelated. Examples of isotopes that can be used are 
listed immediately hereinafter. 
Antimony- 124 
Antimony- 125 
Arsenic-74 
Barium- 133 
Barium-140 
Beryllium-7 
Bismuth-206 
Bismuth-207 
Cadmium- 109 
Cadmtum-1 15m 
Calcium-15 
Carbon- 14 
Cerium- 139 
Cerium-141 
Cerium- 144 
Cesium- 134 
Cesium- 137 
Chtorine-36 
Chromium-51 
Cobalt-56 
Cobalt-57 
Cobatt-58 
Cobatt-60 
Erbium- 169 
Europium- 152 
Gadolinium- 153 
Goid-195 
Gold- 199 
Hafnium-175 
Hafnium-175 + 181 
Hafnium-181 
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Hydrogen-3 see Tritium 
Iodine- 125 
lodine-131 
Iodine- 132 
5 lridium-192 
lron-55 
lron-59 
Krypton-85 
Lead-210 
jo Lutecium-177 

Manganese-54 

Mercury- 197 

Mercury-203 

Molybdenum-99 
75 Neodymium-147 

Neptuntum-237 

Nickel-63 

Niobium-95 

Osmium-185 + 191 
20 Palladium-103 

Platinum- 195m 

Praseodymium-143 

Promethium-147 

Protactinium-233 
25 Radium-226 

Rhenium-186 

Rubidium-86 

Ruthenium-103 

Ruthenium- 106 
30 Scandium-44 

Scandium-46 

Selenium-75 

Silver-110m 

Silver-111 
35 Sodium-22 

Strontium-85 

Strontium-89 

Strontium-90 

Sulphur-35 
40 Tantalum- 182 

Technetium-99 

Tellurium-125m 

Tellurium-132 

Terbium- 160 
as Thatlium-204 

Thorium-228 

Thorium-232 

Thulium- 170 

Tin-113 
50 Titanium-44 

Tritium 

Tungsten- 185 
Vanadium-48 
Vanadtum-49 
55 Ytterbium-169 
Yttrium-88 
Yttrium-90 
Yttrium-91 
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Zinc-65 
Zirconium-95 



s Streptavidin, a protein produced by a Streptomyces avidinit is a large molecular weight component of a 
synergistic pair of compounds which are both present in the culture filtrates of this microorganism. Each of 
the pair is inactive but in combination are active against gram-negative microorganisms. It has been found 
that the small component of this antibiotic prevents de novo synthesis of the vitamin biotin and thus, at least 
in synthetic media, show antimicrobial activity. In complex medium, however, the large component has to 

io be included to exert the same effect on bacteria. This has been shown to be due to the presence of 
external biotin in the complex medium. The large molecular component has been found to bind external 
biotin and thus demonstrating the same kind of action as avidin from eggs and oviduct tissues of laying 
birds. 

Streptavidin has been purified and shown to be a 60.000 dalton polypeptide. Like avidin, streptavidin 
is contains four subunits and binds tightly four molecules of biotin. Unlike avidin. however, it is non- 
glycosylated and it has PI of 5.0 as compared to avidin with PI = 10.5. Oue to the difference in pi 
streptavidin does not have a tendency to non-specifically interact with DNA. 



20 PREPARATION OF STREPTAVIDIN 

A semi-synthetic medium containing salt. 1% glucose. 0.1% asparagine, 0.05% yeast extract and trace 
elements was prepared. The cultures were grown at 26 5 C. for three days. Mycellium was removed by 
centrifugation and protein in the supernatant were absorbed to DEAE-cellulose in a batchwise process after 
25 pH was adjusted with 1M HQ to 7.2. DEAE-cellulose was filtered off and washed with 20 mM Tris-Hcl (pH 
7.2) until no absorbancy at 280 nm was recorded. Streptavidin was eluted with 20 mM Tris-HCI <pH 7.2) 
containing 0.5 M NaCI. Ammonium sulfate precipitation was used to further concentrate the streptavidin 
{50% w;v at 4°C). 

The precipitate was dissolved in water and dialyzed against 1.0 M NaCI. 50 mM Na 2 C0 5 . In the next 
30 step affinity column chromatography on iminobiotin sepharose was used. Eluted streptavidin from im- 
inobiotin sepharose column was shown to be chromatographically pure by non-denaturing agarose-gel 
electrophoresis. 

The final purification of streptavidin is accomplished by affinity purification through an iminobiotin- 
sepharose column. Iminobiotin is an analog of biotin in which the carbonyl of the urea moiety is substituted 
35 with an imine function. Iminobiotin will bind avidin and streptavidin at basic pH but the complex is 
dissociable at acidic pH. 

Iminobiotin is prepared from biotin in several steps. Biotin is hydrolyzed by barium hydroxide to cis-3,4- 
diamino-2-tetrahydrothiophene-valeric acid which is reacted with cyanogen bromide to iminobiotin. The 
iminobiotin is coupled to amino sepharose via the N-hydroxysuccinimide ester of its hydrobromide salt. 

40 The crude protetn mixture from DEAE eluted Streptomyces avidinii incubation media is dissolved in 50 
mM sodium carbonate and 1.0 M sodium chloride (pH 11) and applied to an iminobiotin column pre- 
equilibrated with this solution. The column is eluted at pH 11. Streptavidin is subsequently eluted with 50 
mM ammonium acetate. pH 4.0 containing 0.5 M sooium chloride. The eluent is dialyzed three times 
against 1 mM Tris pH 7.4 and lyophilized to dryness. 

45 In the practices of this invention avidin is useful as a detecting mechanism for labeled DNA. such as 
biotin-iabeled DNA. However, avidin itself, such at about neutral pH. complexes with DNA with the result 
that any signal derivable from a complex between biotin-labeled DNA and avidin might be lost or be non- 
detectable in the background due to the complex formation between avidin and unlabeled DNA. This 
disadvantage of the use of avidin in the practices of this invention is not possessed by streptavidin which 

so does not form a complex with DNA at about neutral pH but is capable of forming a complex with the biotin 
portion of biotin-labeled DNA. ^- 

In another aspect directed to the broad utility of avidin and streptavidin for detecting labeled com- 
pounds other than DNA. avidin and streptavidin are particularly effective as detecting mechanisms for 
labeled proteins, polysaccharides and lipids. By way of example, one can fix to a solid matrix a specific 

55 antigen and bind to this antigen an antibody directed against this antigen which itself has been biotinylated. 
Then one can assay for the presence of this biotinylated antibody by reacting it with avidin or streptavidin 
complexed with an enzyme, such as calf intestine alkaline phosphatase, or to which fluorescing molecule, 
as for example fluoroscein has been linked. 



34 




0 285 058 



The use of the antigen-antibody system for detecting either antigen or antibody is well known. A 
comparable system is a system based on a glycosylated substrate or molecule and matching or 
appropriate lectin. In this system the lectin would carry a label, such as fluorescein or appropriate enzyme. 
In this glycosyl-lectin system the labeled lectin forms a complex with the giycosyl moiety, comparable to 

5 the antigen-antibody complex, and this complex comprising the glycosylated molecule and appropriate 
labeled lectin having the necessary giycosyl or sugar moiety specificity would then present itself eliciting 
the expected response from the label portion of the labeled lectin making up the glycosyl-lectin complex. 

Another aspect of the practices of this invention which is particularly advantageous is to carry out the 
detection or hybridization in the liquid phase between the DNA sought to be detected and the DNA 

io detecting probe. In this liquid phase system both the DNA molecule to be detected and the appropriate 
DNA detecting probe are not attached to any insoluble substrate or any insoluble chemical moiety. The 
advantages of the liquid phase detection system reside in the speed of hybridization or hybrid formation 
between the DNA to be detected and the appropriate DNA probe therefor. For example, in a solid-liquid 
system the time required to effect recognition and hybridization formation is about ten times greater than if 

75 it were carried out in a completely liquid system, i.e. both DNA to be detected and the detecting DNA are 
not attached to an insoluble moiety. 

The probes prepared in accordance with the practices of this invention are adaptable for use in the 
detection of viruses and bacteria in fluids as indicated hereinabove. Where the fluids to be examined do not 
contain large amounts of protein, the viruses therein can be concentrated by absorption on hydroxyapatite 

20 and eluted in a small amount of phosphate buffer. When the fluid to be examined contains large amounts of 
protein, the viruses can be concentrated by high speed centrifugation. 

If antibody were available, absorption on an affinity column and elution with acid would be preferable 
because it would be possible to process many probes in accordance with the practices of this invention at 
the same time. The bacteria to be examined is usually readily concentrated by centrifugation. 

25 In accordance with the practices of this invention, the identification or characenzation of the isolated 
particles, viruses and bacteria, would be hybridization of the characterizing or identifying DNA thereof with a 
specific single stranded DNA probe prepared in accordance with the practices of this invention. After 
hybridization, excess non-hybridized probe DNA would be digested with S- nuclease and exonclease I from 
E. coli at high salt content to suppress the nicking activity of the S. nuclease, see Vogt, Methods in 

30 EnzTmoiogy , Vol. 65. pages 248-255 (1980). This nuclease treatment would produce mononucleotides from 
the excess, non-hybridized single-stranded DNA probe but would leave the double-stranded, hybridized 
DNA intact. This would then be absorbed at high salt content on Dowex anion exchanger (the nucleotides 
and the small amount of oligonucleotides will not bind to the resin in high salt concentration). The resulting 
hybridized DNA would then be identified or characterized by various procedures applicable to the practices 

35 of this invention. 

The special nucleotides of this invention include a phosphoric acid P moiety, a sugar or monosac- 
charide S moiety, a base B moiety, a purine or a pyrimidine and a signalling chemical moiety Sig covalently 
attached thereto, either to the P. S or 8 moiety. Following are structural formulas of various base B moieties 
and nucleotides which are modified in accordance with the practices of this invention. 
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The major purines 
Adenine 
(S-aminopur ine) 

I 

Ni *• 5 C ^ 

I !l fl 9 H 



Guanine 
( 2-amino-5-oxy?ur ine) 
0 



I II CH 



IS 
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40 
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Two mince purines 

2-Me thy laden ine 

I II ■« 

H 

The major pyrimidines 

Cytosine 
(2-oxy-4-aminopyr imidine) 
NH 2 

N * CH 



1-Me thvlcuanine 



H 
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Two minor pyrimidines 
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The majoc ribonucleotides and deoxy r i bo nucleotides . 
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5 '-monophosphates 



CH 
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5 1 -monophosphates 



BO- 
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Names 



Names 
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Adenosine 5 '-phosphoric acid 

(adenylic acid? AMP) 
Guanos ine 5 '-phosphor ic acid 

(quanylic acid; &•■?) 
Cytidine 5' -phosphoric acid 

(cy tidy lie acid; CM?) 
Uridine 5 '-phosphoric acid 

(uridvlic acid; UMP) 



Deoxy adenosine 5 '-phosphoric acid 

(deoxyadenylic acid: cAMP) 
Deoxyg uanos ine 5 ' - chosp ho r i c ac id 

(cecxyguanylic acid; dG-L? ) 
Deoxycytidine 5 '-phosphoric acid 

(deoxycytidylic acid; cCM?) 
Deoxy thymidine 5 '-phosphoric acid 

( deoxy thymidy lie acid; dTM?) 



The special nucleotides in accordance with this invention, as indicated hereinabove, in additioff to the P. 
S and B moieties, include a chemical moiety Sig coavalently attached to the P, S and/or B moieties. Of 
special interest in accordance with the practices of this invention would be those nucleotides having the 
general formula. 
P • S • B - Sig 

wherein P is the phosphoric acid moiety including mono-, dk tri-or tetraphosphate. S the sugar monosac- 
charide moiety, B the base moiety, either a purine or a pyrimidine. The phosphoric acid moiety P is 
attached at the 3' and/or the 5' position of the S moiety when the nucleotide is a deoxyribonucleotide and at 
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the 2', 3' and/or 5' position when the nucleotide is a ribonucleotide. The base B moiety is attached from the 
N1 position or the N9 position to the V position of the S moiety when the base moiety is a pyrimidine or a 
purine, respectively. The Sig moiety is covalently attached to the B moiety of the nucleotide and when so 
attached is capable of signalling itself or makes itself self-detecting or its presence known and desirably or 
5 preferably permits the incorporation of the resulting nucleotide P - S - 8 - Sig into or to form a double- 
stranded helical DNA or RNA or DNA-RNA hybrid and/or to be detectable thereon. 

Another special nucleotide in accordance with this invention is characterized by the general formula: 

Si? 



? - S - 3 



, 5 Such nucleotides in accordance with this invention would be characterized as ribonucleotides. The 
phosphoric acid moiety is attached at the 2'. 3* and or 5' position of the sugar S moiety and the base B 
being attached from the N1 position or the N9 position to the V position of the sugar S moiety when said 
base is a pyrimidine or a purine, respectively. The Sig chemical moiety is covalently attached to the sugar 
S moiety and said Sig chemical moiety when attached to said S moiety is capable of signalling itself or' 

20 making itself self-detecting or its presence known and preferably permits the incorporation of the 
ribonucleotide into its corresponding double-stranded RNA or a DNA-RNA hybrid. 
Such nucleotides 



S ig 



P - S - 3 



30 desirably have the Sig chemical moiety attached to the C2' position of the S moiety or the C3* position of 
the S moiety. 

Still further, nucleotides in accordance with the practices of this invention include the nucleotides havinq 
the formula. 



35 Sig 
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P - S - B 



wherein P is the phosphoric acid moiety, S the sugar moiety and B the base moiety. In these special 
nucleotides the P moiety is attached to the 3' and/or the 5' position of the S moiety when the nucleotide is 
deoxyribonucleotide and at the 2'. 3' and/or 5' position wnen the nucleotide is a ribonucleotide. The base B 
is either a purine or a pyrimidine and the B moiety is attached from the N1 or the N9 position to the r 
45 position of the sugar moiety when said B moiety is a pyrimidine or a purine, respectively. The Sig chemical 
moiety is covalently attached to the phosphoric acid P moiety via the chemical linkage 



OH 



- ? - 0 



said Sig. when attached to said P moiety being capable of signalling itself or making itself self-detecting or 
its presence known and desirably the nucleotide is capable of being incorporated into a double-stranded 
polynucleotide, such as DNA. RNA or DNA-RNA hybrid and when so incorporated therein is still self- 
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detecting. 

It is pointed out that the special nucleotides in accordance with the practices of this invention described 
or defined hereinabove by the general formula P - S - B - Sig, also include nucleotides wherein the Sia 
chemical moiety is covalently attached to the B moiety at the N* or 6-amino group position when the B 
5 moiety is adenine or the or 2-amino group position when the 8 moiety is guanine or the N* or 4-amino 
group position when the B moiety is cytosine. The resulting nucleotides containing the Sig moiety attached 
thereto are capable of signalling themselves or making themselves self-detecting or their presence known 
and being detectable is a double-stranded or DNA, RNA or DNA-RNA hybrid. 

By way of summary, as indicated hereinabove with respect to the make-up of the various special 
w nucleotides in accordance with this invention, the special nucleotides can be described as comprising a 
phosphoric acid moiety P, a sugar moiety S and a base moiety B, a purine or pyrimidine which 
combination of P-S-B is well known with respect to and defines nucleotides, both deoxyribonucleotides and 
ribonucleotides. The nucleotides are then modified in accordance with the practices of this invention by 
hav.ng covalently attached thereto, to the P moiety and. or the S moiety and/or the B moiety, a chemical 
rs moiety Sig. The chemical moiety Sig so attached to the nucleotide P-S-B is capable of rendering or making 
the resulting nucleotide, now comprising P-S-B with the Sig moiety being attached to one or more of the 
other moieties, self-detecting or signalling itself or capable of making its presence known per se when 
incorporated into a polynucleotide, especially a double-stranded polynucleotide, such as a double-stranded 
DNA, a double-stranded RNA or a double-stranded DNA-RNA hybrid. The Sig moiety desirably should not 
interfere with the capability of the nucleotide to form a double-stranded polynucleotide containing the 
special Sig-containing nucleotide in accordance with this invention and. when so incorporated therein, the 
Stg-containing nucleotide is capable of detection, localization or observation. 

The Sig moiety employed in the make-up of the special nucleotides of this invention could comprise an 
enzyme or enzymic material, such as alkaline phosphatase, glucose oxidase, horseradish peroxidase or 
nbonuclease. The Sig moiety could also contain a fluorescing component, such as fluorescein or rhodamine 
or dansyl. If desired, the Sig moiety could include a magnetic component associated or attached thereto 
such as a magnetic oxide or magnetic iron oxide, which would make the nucleotide or polynucleotide 
containing such a magnetic-containing Sig moiety detectable by magnetic means. The Sig moiety might 
also include an electron dense component, such as ferritin, so as to be available by observation. The Sig 
moiety could also include a radioactive isotope component, such as radioactive cobalt, making the resulting 
nucleotide observable by radiation detecting means. The Sig moiety could also include a hapten component 
or per se be capable of complexing with an antibody specific thereto. Most usefully, the Sig moiety is a 
polysaccharide or oligosaccharide or monosaccharide, which is capable of complexing with or being 
attached to a sugar or polysaccharide binding protein, such as a lectin, e.g. Concanav.lin A. The Sig 
component or moiety of the special nucleotides in accordance with this invention could also include a 
chemiluminescent component. 

As indicated in accordance with the practices of this invention, the Sig component could comprise any 
chemical moiety which is attachable either directly or through a chemical linkage or linker arm to the 
nucleotide, such as to the base B component therein, or the sugar S component therein, or the phosphoric 
40 acid P component thereof. 

The Sig component of the nucleotides in accordance with this invention and the nucleotides and 
polynucleotides incorporating the nucleotides of this invention containing the Sig component are equivalent 
to and useiul for the same purposes as the nucleotides described in EP-A2-0 063 879. More specifically 
the chemical moiety A described in EP-A2-0 063 879 is functionally the equivalent of the Sig component or 
45 chemical moiety of the special nucleotides of this invention. Accordingly, the Sig component or chemical 
moiety of nucleotides of this invention can be directly covalently attached to the P. S or B moieties or 
attached thereto via a chemical linkage or linkage arm as described in EP-A2-0 063 879 as indicated by the 
dotted line connecting B and A of the nucleotides of EP-A2-0 063 879 The various linker arms or linkages 
identified in EP-A2-0 063 879 are applicable to and useful in the preparation of the special nucleotides of 
so this invention. 

A particularly important and useful aspect of the special nucleotides of this invention is the use-of such 
nucleotides in the preparation of DNA or RNA probes. Such probes would contain a nucleotide sequence 
substantially matching the DNA or RNA sequence of genetic material to be located andor identified The 
probe would contain one or more of the special nucleotides of this invention. A probe hav.ng a desired 
55 nucleotide sequence, such as a single-stranded polynucleotide, either DNA or RNA probe, would then be 
brought into contact with DNA or RNA genetic material to be identified. Upon the localization of the probe 
and the formation of a double-stranded polynucleotide containing the probe and the matching DNA or RNA 
material to be identified, the resulting formed double-stranded DNA or RNA-containing material would then 
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be observable and identified. A probe in accordance with this invention may contain substantially any 
number of nucleotide units, from about 5 nucleotides up to about 500 or more, as may be required. It would 
appear that 12 matching, preferably consecutive, nucleotide units would be sufficient to effect an identifica- 
tion of most of the ON A or RNA material to be investigated or identified, if the 12 nucleotide sequence of 
5 the probe matches a corresponding cooperative sequence in the DNA or RNA material being investigated 
or to be identified. As indicated, such probes may contain one or more of the special Sig-containing 
nucleotides in accordance with this invention, preferably at least about one special nucleotide per 5-10 of 
the nucleotides in the probe. 

As indicated hereinabove, various techniques may be employed in the practices of this invention for the 

w incorporation of the special nucleotides of this invention into DNA and related structures. One particularly 
useful technique referred to hereinabove involves the utilization of terminal transferase for the addition of 
biotinated dUMP onto the 3' ends of a polypyrimidine or to single-stranded DNA. The resulting product, 
such as a single-stranded or cloned DNA, which has biotinated dUMP attached to the 3' ends thereof, can 
be recovered by means of a Sepharose-avidin column wherein the avidin would complex with the biotinated 

75 dUMP at the ends of the DNA and be subsequently recovered. In accordance with the practices of this 
invention hybridization to mRNA could be accomplished in solution and the resulting hybrid recovered via a 
Sepharose-avidin column and the mRNA recovered therefrom. Similar techniques could be employed to 
isolate DNA-RNA hybrids. This technique employing terminal transferase for the addition of the special 
nucleotides in accordance with this invention is widely applicable and the resulting modified nucleotides 

20 containing the special nucleotides in accordance with this invention including the special biotinated 
nucleotides or the special glycosylated nucleotides could be selectively recovered via complexing with 
avidin upon a Sepharose-avidin column or complexing with a lectin, such as Concanavalin A or a 
Sepharose-Concanavalin A column. 

Illustrative of the practices of this invention, biotinated dUTP was added to the 3' ends of d pT 4 as well 

25 as single and double stranded DNA employing terminal transferase and the resulting product was purified 
through G-50 Sepharose and separated on a Sepharose-avidin affinity column. It was found that 69 % of the 
d pT 4 molecules were biotinated and recovered on the Sepharose-avidin column. The results of this 
experiment established that terminal transferase added biotinated dUMP to the 3' ends of a polypyrimidine. 
The detection of nucleic acids to which specific molecules have been covalently attached can be 

30 effected through the use of many naturally occurring proteins to which small molecules are known to 
specifically bind. In this procedure the small molecules are bound to nucleotide using the ally! amine 
side chain. These nucleotides are then incorporated into specific 3ic acids using a DNA or RNA 
polymerase or ligase reaction or a chemical linkage. After annealing this probe with a complementary 
antiprobe sequence, the presence of the probe is assayed for by the specific binding of the protein to the 

35 tigand covalently bound to the probe. 

Examples of protein-ligand reactions that are appropriate for this type of detector system include: 
1. Enzymes and allosteric effector or modulator molecules. An example of this is the enzyme 
threonine dehydratase which is a heterotopic enzyme in that the effector molecule, L-isoleucine, is different 
than the substrate. L-threonine, J. Monod. J. Wyman and J. P. Changeux (1965). J. Mol. Biot. 12:88-118. 

*o 2. Effector molecules involved in regulation. An example of this is the specific binding of 3\5-cyctic 

adenosine monophosphate to the cyclic AMP receptor protein. I. Pastan and R. Perlman, Science 169:339- 
344 (1969). Another example is the lactose repressor molecule and the inducer molecules isopropyl- 
thiogalactoside or thiomethylgalactoside. These two inducer molecules are called gratuitous inducers in that 
they are not metabolized by the enzymes they induce, W. Gilbert and B. Muller-Hill. Proc. Natl. Acad. Sci. - 

45 (US). 70:3581-3584. (1973). 

3. Hormone receptors and other receptors on the surface of the cell to which organic molecules will 
specifically bind. An example of this is the epinephrine-epinephrine receptor system in which epinephrine is 
bound in a steriospecific manner with a high affinity to the receptor. With this system, since the receptor 
protein is insoluble in water, it will be imbedded in a lipid bilayer structure as for instance a liposome. 

so Suitable detector systems would include specific enzymes or fluorescent molecules inside or within the lipid 
bilayer. ^ 

4. Specific ligand binding proteins included in the transport of small molecules. An example of this is 
the periplasmic binding proteins of bacteria which have been shown to bind many amino acids, glucose, 
galactose, ribose and other sugars, Pardee, A. Science . 162:632-637. (1968): G. L Hazelbaur. and J. Adler, 

55 Nature New Bio . 230:101-104, (1971). 

In the above-mentioned examples the ligand bound to the nucleic acid reacts with a naturally occurring 
protein. The specificity of this reaction resides in the ligand-binding site of the protein. 

One further example of small molecule interaction with naturally occurring proteins involves the specific 
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binding of coenzyme or other prosthetic molecules to enzymes. Examples of such coenzymes include 
thiamin pyrophosphate, flavine mononucleotide, flavine adenine dinucleotide, nicotinamide adenine 
dinucleotide. nicotinamide adenine dinucleotide phosphate, coenzyme A. pyridoxyl phosphate, biotin, 
tetrahydrofolic acid, coenzyme B„ , lipoic and ascorbic acid. Many of these molecules form covalent 
linkages with their apoenzymes. 

However, some, for example, coenzyme A, coenzyme B„ and tetrahydrofolic acid, associate in a non- 
covalent but specific manner with their cognate apoenzymes. A specific coenzyme-apoenzyme system for 
use in this system is flavine adenine dinucleotide (FAD) and flavine adenine dinucleotide reductase isolated 
from Escherichia coli. With this system the binding of FAD is sufficiently strong to permit detection. 

The special nucleotides of this invention and polynucleotides including such nucleotides, either single- 
stranded or double-stranded polynucleotides. DNA and/or RNA. comprising the components, phosphoric 
acid moiety P. the sugar or monosaccharide moiety S. the base moiety B. a purine or a pynmid.ne, and the 
signalling or self-detecting moiety. Sig. covalently attached to either the P, S or B moieties, as indicated 
hereinabove, have many uses and utilities. For example, the nucleotides of this invention and poly- 
nucleotides containing the nucleotides of this invention are useful as immune-stimulating agents, as 
adjuvants in vaccines, as agents for the stimulation or induction from competent cells, such as lymphocytes, 
for the production of Imphokines. cytokines or cytokinins. interferon or other cellular products. 

It is well known that double-stranded poly A:U is a stimulator or inducer for the production of interferon, 
although weakly so. Similarly, poly l:C is also known as a stimulator or inducing agent for the production of 
20 interferon. 

The advantage of polynucleotides, such as double-stranded polynucleotides incorporating one or more 
nucleotides in accordance with this invention is that, in effect, such polynucleotides would be more effective 
and more powerful inducing or stimulating agents for the production of interferon and related materials from 
cells For example, nucleotides in accordance with this invention containing the above-described compo- 
nents P S B and Sig. are suitably prepared so that the nucleotides and polynucleotides prepared therefrom 
are more resistant to nucleases. Similarly, such nucleotides and polynucleotides containing the same and 
suitably prepared which are more capable of contacting, stimulating and penetrating cellular surfaces or 
membranes, such as the cellular surfaces or membranes of lymphocytes and other cells so as to stimulate 
the same for the production of a desired cellular product, such as interferon. 

Particularly useful among those special nucleotides in accordance with this invention having the formula 
P-S-B-Sig and especially useful are those wherein the Sig component is at the 5 position of the pynm.dme 
or the 7 position of the purine or a deazapurine or the N* position of guanine or the N" pos.tion of adenine. 
Such nucleotides and polynucleotides incorporating the same, both single-stranded and double-stranded 
nucleotides. DNA and/or RNA are prepared in accordance with this invention to provide increased stability 
with respect to the double-stranded helix of DNA or RNA or DNA-RNA hybrid containing the same. 
Increased resistance to nucleases is also achievable as well as alterations or favorable changes in the 
hydrophobic properties or electrical or charge properties of the nucleotides and polynucleotides contain.ng 
the same Also, nucleotides and polynucleotides in accordance with this invention are prepared which, when 
administered to humans, have reduced pyrogenicity or exhibit less other whole body toxic responses. 
Additionally, the nucleotides and polynucleotides are prepared in accordance with this invention to provide a 
ligand such as the component Sig, to which specific polypeptides can combine to create or bring about the 
formation of RNA complexes. It is seen therefore that the nucleotides of this invention include the P, S, B 
and Sig components wherein the Sig is covalently attached to either the P. S or B moiet.es open up or 
provide a whole array of chemical agents having spec.al b.ological effects including therapeutic effects and 
45 cytotoxic effects. 

The special nucleotides of this invention, including polynucleotides containing these nucleotides, in 
addition to being stimulating or inducing agents for the production of cellular materials or products, such as 
interferons, lymphokines and or cytokines, are also useful for their chemotherapeutic effect and for the 
preparation of chemotherapeutic agents based thereon but also for their cytotoxic effects and the production 
of cytotoxic agents based thereon. The moiety Sig attached to the special nucleotides of this .nvention 
containing the other moieties or components P. S. B provides a site per se for the attachment thereto, the 
Sig component, of special agents of known chemotherapeutic or cytotoxic effect. Such nucleotides could be 
introduced or administered to the subject being treated, e.g. human body or animal, so as to be 
incorporated into the DNA and/or RNA components of the body or cell so as to either interfere with the 
synthesis of the body or cellular DNA and/or RNA or to attack tumors or to, in effect, kill or otherwise 
interfere with the growth of undesired cells. 

The administration of the nucleotides and/or polynucleotides containing the nucleotides to the body, 
human body or animal, can be effected by a number of suitable means. Particularly effective would be the 
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intravenous introduction to the body of preparations containing the nucleotides of this invention and a 
suitable physiologically acceptable carrier or the nucleotides could be administered subcutaneously, 
transdermal^, or intramuscularly or by direct introduction into the site where the chemotherapeutic or 
cytotoxic effect of the nucleotides is sought or desired to be effective. Not only could desired 
chemotherapeutic or cytotoxic effects be achieved systemically or locally but also, as indicated 
hereinabove, the special P t S, B and Sig-containing nucleotides of this invention, including polynucleotides 
containing such nucleotides, are useful as immune-stimulating agents and adjuvants therefor. Accordingly, 
vaccines containing the special nucleotides and polynucleotides in accordance with this invention can be 
prepared having improved effectiveness and versatility. 

Of special interest in the practices of this invention improved polynucleotides incorporating the special 
nucleotides of this invention are provided as inducers or stimulating agents for the production of interferon. 
Such polynucletoides would be single-stranded or double-stranded ribonucleotides. dsRNA, having the 
structures. 
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A A ' A" A ' 1 ' 

where A and B are complementary base pairs, such as a purine, a 7-deazapurine or pyrimidine modified by 
the addition of an organic moiety Sig in accordance with the disclosures of this invention on the 5 position 
of the pyrimidine ring or the 7 position of the purine ring or the N* of guanine, or the N* of adenine or the 
N 4 of cytosine as described herein. The modifications of the polynucleotides at these positions lead to 
relatively undisruptive or non-disruptive double-stranded nucleic acid molecules as measured by rates of 
association and melting points. In the special polynucleotides of this invention employed as inducers of 
interferon and other cellular or humoral factors or components, such as lymphokines or cytokines, the 
following groups would be attached thereto as indicated by the formulas. 



( ) ( ) 



( ) 



CE?0 



-0-? 



to 

OK 0 



anc, 




OH 0 



50 In the utilization of the special polynucleotides of this invention, such as the special dsRNA of this 
invention in the induction process for the production of interferon it has been demonstrated thajt-DEAE- 
dextran facilitates this operation. It appears that since DEAE-dextran complexes with dsRNA and protects it 
for nuclease degradation, thereby enhancing interferons induction. It has also been noted that poly rC : rt is 
taken into cells more efficiently when complexed with DEAE-dextran. Accordingly, in the practices of this 

55 invention the hydrophobic properties and the ionic or electron charge properties of the special dsRNA of 
this invention are important factors and capable of manipulation in the applicability of these materials to 
induce interferon production. It has been observed that such conditions or factors which promote the 
induction of interferon also lead to and promote the induction of other cellular or humoral components, such 
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as lymphokines and cytokines. It is apparent therefore, that the special nucleotides and polynucleotides 
containing the special nucleotides of this invention act as immune modulators and stimulators of the 
immune response other than simply being effective as inducers of interferon production. Superior agents for 
the above in accordance with the practices of this invention would include nucleotides wherein the Sig 
moiety incorporates biotin or streptavidin or avidin. 

Poly rl:poly rC complexed poly L-lysine exhibits adjuvant properties and such properties are enhanced 
and improved in accordance with the practices of this invention when the poly rl and poly rC components 
are modified to include one or more of the special nucleotides in accordance with this invention. 

The preparation of DNA probes in accordance with another aspect of this invention can be carried out in 
a manner which does not require the preparation or utilization of the special nucletoides described herein. 
For example, double-stranded DNA can be reacted with a carcinogen or alkylating agent. After the 
carcinogen has reacted with or alkylated the double-stranded DNA. the resulting modified DNA is melted to 
produce a DNA hybridizing probe containing the reaction product of the DNA and the carcinogen or 
alkylating agent. When thus-modified or reacted DNA is employed as a hybridizing probe, any resulting 
formed double helix or double-stranded DNA would be assayed or searched out by means of a double 
antibody technique. The primary antibody would be an anti-carcinogen and the secondary antibody would 
be horseradish-peroxidase conjugated anti-peroxidase antibody. The advantage of this rechnique is that it 
would be easy to label the double-stranded DNA. This special approach is indicated hereinabove in the 
examples accompanying the description of this invention and is generally applicable for the preparation of 
DNA probes from double-stranded or double helical DNA. However, this procedure is a disruptive procedure 
involving the modification of the double helical deoxyribonucleotide polymer or DNA. 

In the description of the special nucleotides and modified DNA employed or developed in the practices 
of this invention, mention has been made of mono, oligo and polysaccharides. It is pointed out that 
derivatives of mono, oligo and polysaccharides are also useful in the preparation of the special nucleotides 
of this invention. For example, it is possible to modify individual sugar moieities employed in the make-up 
of the special nucleotides and employ the resulting modified sugar moieties to effect or carry - jt additional 
chemical reactions. Such modified mono, oligo and polysaccharide moieties, when employed as the Sig 
moieity in the preparation of the special nuleotides of this invention, provide an added versatility with 
respect to the detection of the nucleotides or other compounds containing such modified saccharides either 
as the sugar S or as the Sig moiety thereof. 

In another aspect of this invention the Sig moiety instead of being attached to a nucleotide could also 
be attached to proteins. Not only could such proteins be attached to nucleotides or polynucleotides but also 
such proteins could be identified per se whether attached to a nucleotide or polynucleotide or unattached. 
In accordance with the practices of this aspect of the invention, a suitable such protein adduct would have 
the formula. 



wherein R, is an OH or an amino acid or acids and Ri is an amino acid side chain and R 3 is H or an amino 
acid or acids and Sig is attached to the R. and/or R, and/or R, . 
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Claims 

1 . A nucleotide having the formula 
Sig-P-S-B 

^ Si-^^ T T*^' S iS 3 SU9ar m ° i8ty and B iS 3 Pyrimidine or 7-deazapunne moiety 

vribonuLnS h ?V 3 5 ' P ° Siti0n ° f the SU93r m0i6ty When said nuc,eottde « a deoi 

to ^ <7 7 and/ ° r 5 ' P ° Siti0n Wh6n ^ nUCle ° tide iS 3 "bonudaotide. B being attached 

7 dl, n' ?c- P ° Siti0n Wh6n 6 iS 3 Pynmidine ° f the N9 position when B is * Purine or 

7-deazapunne. and S.g is covalenty attached to P directly or via the chemical linkage 

OK 

>s - ? • O - Sis. 

o 

SIS: Wh6n ■ ttaChed t0 P d ° eS " 0t imerfere sut5Stan * ally w,,n character,st,c ability of Sig to form { 
20 detectable s.gnal and represents a moiety which is detectable when said nucleotide is incorporated into a 

T^vZTT add , dUPteX ' Si9 bein9 3 ~ « polysaccharide TZ »Z 

or b.otin or ,m.nob.olin. an electron dense component, a magnetic component, an enzyme component a 

rad.oact.ve component, a chemiluminescent component or an ant.gen. hapten or antibody compoZ, 

attache^!: n° hde ° f l Where ' n Si9 iS 3 SUQar r6SidUe 3nd Sad s ^ ar residue 13 compiexed with or 
25 attached to a sugar or polysaccharide binding protein. 

3. The nucleotide of claim 1 wherein Sig includes a coenzyme. 

4. A polynucleotide comprising at least one nucleotide in accordance with claim t 

a«acUto1;X?p id de. COmPriSin9 * °" nUC,6 ° tide °' 1 ^ S3 ' d P°' y ^eotide is 

30 antiiL 1 "! 6 P ,° lynuc ' eotide °' claim 5 - wherein «*> Polypeptide has at least one biotin. iminobiotin, antibiotin 
anti.m.nob.otin. avid.n. streptavidin or enzyme attached thereto. 

of a 7 c 'h^o t hL a a nUC ! e0tide °« polynucleotide accordin 3 (0 ™ °f the preceding claims for the manufacture 
of a chemotherapeutic agent for inhibiting RNA and/or DNA synthesis or function ,n an organism 

of a S «mulL a r UC H 0tide ° r POlynuCleotide accordinQ 10 ° ne of the preceding cla.ms for the manufacture 

35 ZZTJ:i^Z7. agent for the s,imulat,on or ,nduction of ce,ls for the product - °< ^<*™- 

n fl rt 9 n A^ th r 0C ! °' deteCtin9 " com P° und whicn ir ^des a nucleotide in accordance with claim i as 

C ° mP0Und ' WhiCh C ° mPriSeS C ° ntaCtm9 S3id first com P° und with a ^cond compound 
capable of form.ng a complex therewith under suitable conditions so as to form said complex said comolex 
«, composing said first compound and sad second compound and detecting said complex ' 

cJLt^T 1 °' d8ter K r " inin 9 the P fesenc8 of a deoxyribonucleic or ribonucleic acid molecule which 
composes forming a double-stranded hybrid polynucleot.de duplex which includes a single strand of 
deoxynbonucle.c ac.d or ribonucleic acid corresponding ,o or derived from sa.d deoxyr?bon uc Te"c o 
ribonucleic ac.d molecule and a nucleotide in accordance w.th claim 1 and detecting sa.d duplex 

45 rnml i <i m9 ^ 0d °' deMg fte PreSenCe °' a nuc,eic ^-containing etiological agent in a subject which 
17 ob ^ a suitabte sample from sa.d subject, detecting the presence ,n sa,d saiple o a 

h ° f fib0nUC,eiC 3dd natUra " y aSS0C,a,ed Wlth said **>'°*«l a 9en« by forming under " 
ab.e conditions a double-stranded polynucleotide duplex wh.ch inciudes a compound m accordance w.th 
claim i and a smgle strand of deoxyr.bonucle.c or nbonucleic acd corresponding ,o or denved from S aS 

50 TZr ° r nb0nUCleiC 3Cid WhiCh iS natUra,ly associated said •"otoQ'Wl agent under sui.ab e " 

cond.bons and detecting the presence of said double-stranded polynucleotide duplex 

nrJjL^T 0 ' 3 ° f teStinQ 3 bacterium 10 ^(ermine its resistance to an antibiotic which crTmpnses 
whTclf^^ '° 0,6 deoxyrib0 "^le,c acid gene sequence of said bactenum 

^c^T, S3,d baCt6nUm t0 " id amibi0,iC and which includes a ™ cle otide accordance 

55 II I- ,nc ° r P° rated herein, contacting said polynucleotide under suitable conditions with a deox- 
yr,bonucle,c acd obta.ned from said bacterium so as to form a double-stranded hybrid duplex and 
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detecting the presence of said duplex, the detection of said duplex indicating resistance of said bacterium 
to said antibiotic and the absence of said duplex indicating the susceptibility of said bacterium to an 
antibiotic. 

13. A method of diagnosing a genetic disorder in a subject which comprises preparing a polynucleotide 
5 complementary to the deoxyribonucleic acid gene sequence of said subject which is associated with said 
genetic disorder and includes a compound in accordance with claim 1 incorporated therein, contacting said 
polynucleotide under suitable conditions with deoxyribonucleic acid obtained from said subject so as to 
form a double-stranded hybrid duplex and detecting the presence of said hybrid duplex, the presence or 
absence of said hydrid duplex indicating the presence or absence of said genetic disorder. 
w 14. A method of diagnosing thalassemia in a human subject which comprises preparing a poly- 
nucleotide complementary to the deoxyribonucleic acid gene sequence which is absent m ,3-minus- 
thalassemia subjects and includes a nucleotide in accordance with claim 1. contacting said polynucleotide 
under suitable conditions with deoxyribonucleic acid obtained from said subject so as to form a double- 
stranded hybrid duplex and determining the presence of said duplex, the absence of said duplex indicating 
the presence of ^-minus-thalassemia. 

15. A method of chromosomal karyotyping which comprises preparing a series of modified poly- 
nucleotides corresponding to a series of defined genetic sequences located on chromosomes, said 
polynucleotides including one or more compounds m accordance with claim 1. contacting said poly- 
nucleotides with deoxyribonucleic acid of or obtained from chromosomes so as to form hybrid duplexes and 
20 detecting said duplexes, thereby determining the location of said duplexes on said chromosomes and the 
location of said genetic sequences on said chromosomes. 
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1) The new set of revised claims 1-39 appears to meet the requirements of Article 
123(2) EPC. As already pointed out in the previous Official Communications, the said 
claims could form a basis for acceptance under Articles 52(1), 54 and 56 EPC. 
However, before a grant can be considered, the following points should be addressed. 
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"which includes a compound in accordance with claim 1" . Given that the word 
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to what exactly said claims refer to. Clarification is therefore necessary. 
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4) All of the features recited in dependent Claim 5 are already recited in Claim 1. For 
the sake of conciseness, Claim 5 should therefore be deleted (Article 84 EPC). 



5) The claims should be rearranged in order to enable the association between related 
claims to be more readily determined (Rule 29(4) EPC; see also the Guidelines, C-lll, 
3.6). In the present case, it would appear appropriate to group together e.g. the claims 
relative to the kind of linkage, i.e. renumber present claim 10 as claim 3, present claim 3 
as claim 5, etc. Similarly, other claims relative to variants of a certain feature should 
also be grouped together. 



6) Claim 32 encompasses a method of therapeutical treatment which is explicitely 
excluded from patentability by the provisions of Article 52(4) EPC. The said claim should 
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paragraph. 
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the content of the application as originally filed, Article 123(2) EPC. An additional copy 
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1. An oligo- or polynucleotide nucleotide} comprising at least one 
nucleotide having the formula 



Sig - P - S - 3 

wherein P is a phosphate moiety, S is a sugar moiety and B is a 
pyrimidine, purine or 7-deazapurine moiety, P being attached to the 3' or 
the 5* position of the sugar moiety when said nucleotide is a 
deoxyribonucleotide and at the 2\ 3' or 5* position when said nucleotide is 
a ribonucleotide, B being attached to the 1' position of S from the N 1 
position when B is a pyridine or the N 9 position when B is a purine or 7- 
deazapurine, and S ig is cova le ntly attached to P directly or via a chemical 
linkage, said ( Sig being a detectable moiety i vnon f attached to P. 

2. The oligo- or polynucleotide of claim 1, wherein Sig is 
covalently attached to P directly or via a chemical 
linkage, 

?v The oligo- or polynucleotide of claim ft t wherein said covalent 
linkage comprises 



OH 

f 

P - O -£+§1 



5. cxw^ovz^ U:o*t 

5s. The oligo- or polynucleotide of (clairas/, wherein said chemical 

linkage does not interfere substantially with the characteristic ability of 

Sig to form a detectable signal. 



y Tho oligo or polynucleotide of claim 1, wherein thoaltachmoa? 
of Sig to P does not interfere substantiallyjvith_Jbs-^ ability 

of Sig to form a detectablej^n^aj^-W^ : eP^3e nts a moie{ y wnich is 
detectable wheji--sai^--cTrg^^rpolynucleotide is incorporated, hybridized 
Or^TT^fipT oXcTTn a r^Hln.rtrandPii nurlnic acid dupl exf 

\ The oligo- or polynucleotide of claim t, wherein said nucleotide 
comprises a deoxyribonucleotide. 

%(o Z * 

\. The oligo- or polynucleotide of claim ^, wherein said nucleotide 
comprises a ribonucleotide. 

X The oligo- or polynucleotide of fclairm 1 ^wherein Sig is a moiety 
containing at least three carbon atoms. 

J* 

8,' The oligo- or polynucleotide of /claims 1/T^vherein Sig includes a 
glycosidic linkage moiety. . 



ft 

[ D, Tim u lig o o r pnlynnrlritH- "« ^ Him y . whnrnin Bio is attached - 
to P via a chomical linkag e{ 



The oligo- or polynucleotide of claim # wherein said chemical 
linkage comprises or includes an olefinic bond at the 9-position re.at.ve 
to P, or any of the moieties: ^ ^ ^ _ ^ _ 

- CH = CH - CH 2 - NH - 

. CH = CH - CH 2 - O - CH 2 - CH - CH 2 - NH - 

OH 



O 

. S -, - C - O and - O - . 

ft The oligo- or polynucleotide of (claims 1 / Twherein Sig is 
terminally attached to the oligo- or polynucleotide. 

2i The oligo- or polynucleotide of rciaim* herein Sig comprises a 
' t co.ortPd from the group consisting of biotin, iminobiotin. an 
ZZ'L To Z^Z. a ^ -ponent. an enzyme, a hormone 

mp nent. a radioactive component, a ™e.al--ai* g co^ * • 
fluorescent component, a chemiluminescent component, an antigen, a 
hapten and an antibody component. 

It The nucleotide of claim jl. wherein said electron dense 
component comprises ferritin. 



"M, The oligo- or polynucleotide of claim y[, wherein Sig is -> 
complexed with a binding protein therefor, and said binding protein is 
conjugated to ferritin. 

-a ? 

The oligo or polynucleotide of claim yt, wherein Sig comprises 
a magnetic component. 

43, AX 

yg. The oligo- or polynucleotide of claim y£ t wherein said magnetic 
component comprises a magnetic oxide. 

yti The oligo- or polynucleotide of claim *6, wherein said magnetic 
oxide comprises ferric oxide. • 

The oligo- or polynucleotide of claim \Z. wherein Sig comprises 

an enzyme. 

4b > A5 

The oligo- or polynucleotide of claim IX. wherein said enzyme 

is selected from the group consisting of alkaline phosphatase, acid 
phosphatase, B-galactosidase. ribonuclease, glucose oxidase and 
peroxidase. 

ptf The oligo- or polynucleotide of claim >2T wherein S.g composes 
a radioactive component. 



a sugar residue cu*d Zcu'd Sugav veV/cW is^> 



2<v. The oligo- or polynucleotide of claim wherein, said 
radioactive component is radioactive cobalt. 

The oligo- or polynucleotide of claim }Z t wherein Sig comprises 
a metal-containing component. 

2,0. 1? 

The oligo- or polynucleotide of claim wherein said metal- 
containing component is catalytic. 

at * 

2*L The oligo- or polynucleotide of claim & wherein Sig comprises 
a fluorescent component. 

SS. The oligo- or polynucleotide of claim X wherein said 
fluorescent component comprises a member selected from the group 
consisting of fluorescein, rhodamine and dansyl. 

23 ^ 

The oligo- or polynucleotide of claim &t, wherein Sig comprises 

a chemiluminescent component. 

2?.' The oligo- or polynucleotide of claim wherein Sig comprises 
a hapten component capable of complexing with an antibody specific 
thereto. 

• ^ aw^o^L 

2$. The oligo- or polynucleotide of /claims 1/lnsingle-stranded, 
double-stranded or partially double-stranded form. 



£0, Use of the oligo-^.or polyn ucleotide according to one of the 
preceding claim's ^^a*?Me\ap*euuU agent for inhibiting RNA and/or DNA 
synthesis or function in an organism. 

SQ. Use of the oligo or polynucleotide according to one of the 
preceding claims as a stimulating or inducing agent for the stimulation or 
induction of cells for the production of lymphokines, cytokines and/or 
interferon. 

^/for 4V pvpcp^** ^o- ^Msuam^cA co^o^ik&M {oy use J> 

30- 

3<L. Use of the oligo or polynucleotide according to one of the 
preceding claims fSs an anti-tumor or cytotoxic agent. 

M . 

5Z, A method of detecting a first compound which includes an oligo- 
or polynucleotide in accordance wifh(cTaim$ 1 /aTpart of said first 
compound, which comprises contacting said first compound with a second 
compound capable of forming a complex therewith under suitable 
conditions so as to form said complex, said complex comprising said first 
compound and said second compound and detecting said complex. 

30, A method of determining the presence of a nucleic acid molecule 
which comprises forming a double-stranded polynucleotide duplex with 
the nucleic acid molecule and includes the oligo- or polynucleotide of atuj cue, 
of claims \f^x6 detecting said duplex. 

33. 

3^. A method of detecting the presence of a nucleic acid- 
containing etiological agent in a subject which comprises obtaining a 
suitable sample from said subject, detecting the presence in said sample 
of a nucleic acid naturally associated with said etiological agent by 
forming under suitable conditions a double-stranded polynucleotide duplex 
which includes la corripound i in accordance wim* (Claims 1 rgfcs' a single- 
stranded nucleic acid corresponding to or derived from said nucleic acid 



which is naturally associated with said etiological agent, and detecting 
the presence of said double-stranded polynucleotide duplex. 

3S» A method of testing a bacterium to determine its resistance to 
an antibiotic which comprises preparing a polynucleotide complementary 
to the nucleic acid gene sequence of said bacterium which confers 
resistance of said bacterium to said antibiotic and which includes an 
oligo- or polynucleotide in accordance with realms 1 /'incorporated therein, 
contacting said polynucleotide v/ith a nucleic acid obtained from said 
bacterium so as to form a double-stranded hybrid duplex and detecting the 
presence of said duplex, the detection of said duplex indicating resistance 
of said bacterium to said antibiotic and the absence of said duplex 
indicating the susceptibility of said bacterium to said antibiotic. 

35, 

S6.' A method of diagnosing a genetic disorder in a subject which 
comprises preparing a polynucleotide complementary to the nucleic acid 
gene sequence of said subject which is associated with^ said genetic 
disorder and includes ia compound in accordance with (Claims 1 /frrco'rporated 
therein, contacting said polynucleotide under suitable conditions with 
nucleic acid obtained from said subject so as to form a double-stranded 
hybrid duplex and detecting the presence of said hybrid duplex, the 
presence or absence of said hybrid duplex indicating the presence or 
absence of said genetic disorder. 

3£.' A method of diagnosing thalassemia in a human subject which 
comprises preparing a polynucleotide complementary to the nucleic acid 
gene sequence which is absent in 3-minus-thalassemia subjects and 
includes an oligo- or polynucleotide in accordance wnh^cTaimi l-ko^T-y 
contacting said polynucleotide under suitable conditions v/ith nucleic acid 
obtained from said subject so as to form a double-stranded hybrid duplex 
and determining the presence of said duplex, the absence of said duplex 
indicating the presence of 3-minus-thalassemia. 



c-K oligo- OY pc4j nW e,ok- 



37. 

A method of chromosomal karyotyping which comprises 
preparing a series of modified polynucleotides corresponding to a series 
of defined genetic sequences located on chromosomes, said wujoy^k 
polynucleotides including one or more {compounds! in accordance withfcliiros 
l£gntacting said polynucleotides with nucleic acid of or obtained from 
chromosomes so as to form hybrid duplexes and detecting said duplexes, 
thereby determining the location of said duplexes on said chromosomes 
and the location of said genetic sequence on said chromosomes. 



* * * * * * * 



Volume 5 Number 2 February 1 978 



Nucleic Acids Research 



Gene mapping and gene enrichment by the avidin-biotin interaction: use of cytochrome-c as a 
polyamine bridge 



Ann Sodja and Norman Davidson 



r a oiToc a " d Chemical Engineering, California Institute of Technology, Pasadena, 

i*m y 1 1 £o t UoA 

Received 31 October 1977 



ABSTRACT 

A modification of previously described methods of electron microscopic 
gene mapping and of gene enrichment based on the avidin-biotin interaction is 
presented.^ The modification consists of coupling cytochrome-c instead of pen- 
tone diamine to the oxidized 2', 3' terminus of an RNA by Schiff base formation 
and BH^ reduction. The RNA-cytochrome-c conjugate is purified by a simple 
chromatographic procedure; several biotins are attached to the cytochrome 
moiety by acylation. The extended arm between biotin and RNA gives efficient 
electron microscopic gene mapping of DNA :RNA-biotin hybrids with avidin- fer- 
ritin and avidin-polymethacylate sphere labels and efficient gene enrichment 
by buoyant banding of DNA:RNA-biotin:avidin-spheres in CsCl. A 1400 fold 
enrolment (thus, 25% pure) and a 90% yield of long Drosophila DNA strands 
wtth 5S RNA genes is achieved. 

INTRODUCTION 

The preceding paper (1) describes a method of mapping, with a ferritin 
label, a short RNA: DNA hybrid region along a single stranded segment of DNA. 
The essential features of the method are: a) covalent attachment of biotin 
to the periodate oxidized 3 f terminus of the RNA by a diamine bridge, using 
a simple diamine such as NH 2 (CH 2 ) 5 NH 2 ; b) covalent attachment of avidin to 
the electron opaque label ferritin; c) hybridization of the covalent tRNA- 
biotin conjugate to a single stranded segment of DNA that contains the coding 
sequence (gene) for the tRNA; d) electron microscopic mapping of the 
position of the hybridized tRNA-biotin along the single strand segment of 
DNA after binding of ferritin-avidin to the biotin. This method gives a 
moderately satisfactory overall efficiency of gene labeling, and has been 
used to map the tRNA genes of HeLa mitochondrial DNA (2) . We describe here 
an improved method in which we use a defined polyamine instead of a diamine 
as the bridge between the 3' end of the RNA and the carboxylic acid biotin. 
The polyamine used is the protein, cytochrome-c. This bridge is believed 
to have several advantages: a) it is probably more extended than the pentane 
diamine; b) several biotins can be attached to one RNA molecule; c) the 



© Information Retrieval Limited 1 Falconberg Court London W1V5FG England 



385 



Nucleic Acids Research 



purification step for tRNA-biotin with the pentane diamine bridge involves 
elution from avidin sepharose at pH 2.5 in 6M guanidine hydrochloride. 
These fairly drastic conditions are replaced for purification of tRNA- 
cytrochrome-c-biotin (tRNA-cc-biotin) by hydroxy apatite chromatography at 
neutral pH, thus diminishing the probability of chemical degradation of the 
labeled RNA. As a result, presumably, of items a, b, and/or c, the overall 
efficiency of gene labeling with ferritin in the electron microscope by the 
new method is an improvement over that achieved previously, d) with the new 
extended bridge but not with the diamine bridge, avidin attached to poly- 
methylmethacrylate spheres (3) will label DNA: tRNA-biotin hybrids. 

Furthermore, the binding of avidin-spheres by DNA : RNA-b iotin molecules 
forms the basis for a gene enrichment procedure. The polymer spheres used 
have a density and molecular weight of about 1.25 g/ml and 7.6 x 10 7 daltons, 
respectively. The spheres can be used as relatively massive floats to 
separate DNA:RNA-biotin-avidin-sphere molecules from unhybridized DNA strands 
by buoyant banding in CsCl, thus accomplishing gene enrichment. Manning, 
Pellegrini and collaborators have demonstrated this application of the 
avidin-biotin labeling approach for long RNA molecules, by enriching for the 
rDNA genes of Drosophila and for the histone genes of the sea urchin (4,5). 
In these cases, it is appropriate and convenient to attach cytochrome-c- 
biotin nonspecifically to the RNA by CH2O crosslinks. In the present 
communication, we show that 3 f terminal labeling of 5S RNA by cytochrome-c 
can be used for highly efficient gene enrichment of the Drosophila 5S RNA 
genes . 

The basic reaction scheme of the present procedure is: 

1) Oxidation of free 2\ 3' OH ends of RNA to the dialdehyde with 
periodate. 

2) Schiff base formation of the terminal dialdehyde with the poly- 
amine, cytochrome-c, at relatively low ionic strength, and stabilization of 
the compound against dissociation and/or 8 elimination by BH^" reduction. 

3) Purification of RNA-cytochrome-c from free RNA and free cytochrome- 
c by sequential chromatography on carboxymethyl cellulose (CMC) and on 
hydroxyapatite (HAP) . 

4) Covalent attachment of several biotin molecules to lysine NH 2 
groups of the cytochrome-c by acylation with the N-hydroxy succinimide (NHS) 
ester of the carboxylic acid biotin. 

5) Hybridiaztion of the RNA-cc-biotin to DNA. 

6) Labeling with avidin- ferritin or avidin-spheres. 
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7) Gene mapping by electron microscopy or gene enrichment by banding 
in CsCl. 

MATERIALS AND METHODS 

Nucleic Acids . E. coli tRNA's, $80 and <fr80 psu 3 " DNA's, were obtained 
as described (1) . Drosophila (Dm) AS and 5S RNA and the Drosophila plasmids , 
pCIT19 and pCIT12, were prepared as previously described (6,7). Unlabeled as 
well as 3 H-labeled 0m DNA's were isolated from Schneider's line 2 tissue 
culture cells. Cells were labeled by the addition of 1.5 m Ci of 3 H-thymidine 
(Amersham Radiochemical Center, 41 Ci/mmol) to 50 ml of cells grown in sus- 
pension with gentle swirling. Cell density at the first addition of label 
was 1-2 x 10 6 ml; label was added in four equal fractions at 6 hr intervals, 
and cells grown for another generation (approximately 24 hrs) after the last 
addition. Cells were harvested by centrifugation at 2400 rpm at 0°C for 5 
minutes, lysed by homogenization (10-15 strokes) in 0.5 M Tris base 0.025 
M KC1, 5 mM Mg(Ac) 2 , 0.35 M sucrose, pH 7.6. DNA was prepared from this 
lysate by the procedure of Manning et al. (8). The specific activities of 
two separate preparations were 5.4 and 0.84 x 10 5 cpm/yg. 

Cytochrome-c. Commercial cytochrome-c (horse heart, type VI, Sigma) is 
contaminated with RNAase, which has approximately the same molecular weight 
and charge. RNAase was inactivated by treatment with iodoacetate by a modif- 
ication of published procedures (9,10). Cytochrome-c (60 mg) was dissolved 
in.l ml of 0.2 M NaAc buffer (pH 5.5). An equal weight of iodoacetate was 
added, the pH readjusted to 5.5 with concentrated NaOH, and the solution 
diluted to a final volume of 2 ml. The solution was incubated for 1 hr at 
55°C and then dialyzed extensively at 0°C against 0.01 M sodium phosphate 
buffer (NaP), pH 6.8, and lastly against 0.1 M NaHC0 3 /Na 2 C0 3 buffer, pH 9.2. 

Preparation and Purification of RNA-Cytochrome-c . tRNA or 5S RNA were 
heated at 80° for 1-8 min in 1 mM NaAc buffer pH 6.8, cooled, adjusted to 
0.1 M NaAc buffer (pH 4.8) and treated with periodate as previously described 
(1). The amount of RNA used was 0.5 - 1 mg in 0. 5 - 1 ml of reaction mixture. 

Oxidized RNA was dialyzed against 0.1 M NaHC0 3 /Na 2 C0 3 buffer (pH 9.2) 
at 0°C. A 10-15 fold molar excess of cytochrome-c was added and the solution 

ABBREVIATIONS ' " — 

RNA-cc-biotin, 4S or 5S RNA- cytochrome- c-bio tin; HAP, hydroxy apatite; 
CMC, carboxymethylcellulose; NHS-biotin, N-hydroxysuccinimide ester of bio- 
tin; NaP, sodium phosphate buffer (50:50 mono and dibasic sodium phosphate); 
Dm DNA or RNA, Drosophila melanogaster nucleic acids; EM, electron microscopy. 
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incubated for 1 hr at room temperature. A total of 2 mg NaBH^l mg RNA was 
added In 4 portions over a period of 80 min. The solution was allowed to 
stand at room temperature for an additional 30 min and the NaBH^ decomposed 
by addition of 0*1 - 0.2 ml of 4 M NaAc buffer (pH 5.0). The contents were 
dialyzed at 0°C against 0.01 M NaP buffer, pH 6.8. All of the steps up to 
and including reduction with NaBH^ were performed in the dark. 

For the spectrophotometry determination of concentration, we use molar 
extinction coefficients of 9.64 x 10* at 410 my, 5.4 x 10 s and 8.3 x 10 s 
at 260 my for cytchrome-c, 4S RNA, and 5S RNA, respectively. 

Free cytochrome-c was removed from the reaction mixture by passage over 
a 3 x 1 cm column of carboxymethyl cellulose (CMC) that had been reequili- 
brated with 0.01 M NaP buffer. The CMC had been washed with acid and base 
according to the directions provided by the supplier. The sample was loaded 
and washed in 0.01 M NaP buffer. Free tRNA and the tRNA- cytochrome . c con _ 
jugate come through in the first wash. 

Hydroxypatite (HAP, Bio-gel HTP from Bio-Rad) was hydrated by boiling 
for 10-20 min in 0.01 M NaP, pH 6.8, washed with 0.5 M NaP buffer, and re- 
equilibrated in 0.01 M NaP. For each washing the suspension was swirled 
gently and allowed to settle for 10-15 minutes before decanting the finer 
particles. The HAP was packed into a 2 x 0.5 cm column in 0.01 M NaP and 
the mixture of tRNA and tRNA-cytochrome from the CMC column applied. The 
column was successively washed with 10 ml volumes of 0.1 M, 0.15 M, 0.3 M 
and 0.5 M NaP buffer, pH 6.8. Fractions (0.5 - 1 ml) were collected, and 
assayed by spectrophotometry. 

Addition of Biotin. The N-hydroxysuccinimidyl (NHS) ester of u C-bio- 
tin was prepared as described (1). The 1:1 conjugate, tRNA-cy tochrome-c , 
from the HAP column was treated with an approximately 100 fold excess of 
NHS-^C-biotin under conditions previously described (3). Free biotin was 
removed by dialysis against 0.01 M NaP and the tRNA-cc-biotin stored at -20°C. 

EM Labels. Ferritin-avidin was a gift from L. Angerer (1) . Polymethyl- 
methacrylate spheres (a gift from N.D. Hershey) were conjugated to avidin as 
previously described (3) . One of the sphere-avidin preparations was a gift 
of M. Pellegrini. 

Heteroduplex formation and el ectron microscopy. Heteroduplex formation 
between Dm plasmids containing 4S or 5S genes with DNA of the vector, Colicin 
El, has been described (6,7). 

<fr80h/((>80 psu 3 heteroduplexes were formed as follows: a solution contain- 
ing equal amounts of <fi80h and <f>80 psu 3 bacteriophage was treated with 20 yi 
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of 0.2 M EDTA (pH 8.0) for 30 min on ice. Complete lysis of the virions and 
denaturation of DNA was accomplished by addition of 20 pi of 1 N NaOH for 
10-15 min at room temperature. The mixture was neutralized with 30 pA of 
2.5 M Iris HC1. tRNA-cc-biotin was added and the volume was made to 200 pA 
with 3X recrystallized formamide (99Z, Matheson, Coleman and Bell). The 
final DNA and tRNA concentrations were 3 pg/ml and 10-30 pg/ml. Hybridiza- 
tion was performed by dialysis of this mixture against 40% 3X recrystallized 
formamide, 0.1 M Tris, 0.3 M NaCl, 1 mM EDTA, pH 8.0 at 40°C for 40-50 min. 
Subsequent manipulations were as described (2). The concentration of spheres- 
avidin in labeling experiments was approximately 100 pg/ml. No removal of 
excess spheres-avidin was attempted, as an effective procedure to do so is 
not available. 

All electron microscopy and measurements of molecular lengths were done 
as previously described (2, 6, 7). Single and/or double stranded *X 174 DNA 
(5370 nucleotides or nucleotide pairs, (11)), was used as a length standard. 

Preparation of Dm ^ 5S m > I^lss mA w pxvpmA MntUllj 
according to Orosz and Wetmur (12). The reaction mixture contained, in the 
order of addition, the following: 10 p* H 2 0 (double distilled), 3-5 p* Dm 
5S rRNA (1.9 mg/ml in 0.01 M NaAc, pH 4.8), 3 p* of 1 M NaAc (pH 5.0), 10 pi 

I (Amersham, carrier free, 100 uCi/ml), and 3 p* of freshly prepared 
T1C1 3 (ICN-K & K Laboratories, 18 mg/10 ml double distilled H 2 0) . The 
mixture was incubated at 60° for 20 min in a sealed siliconized 50 „l pipette. 
The contents were transferred to 1 ml of 0.1 M NaAc buffer (pH 5.0) contain- 
ing about 50-60 pg of Dm 18S and 28S rRNA, and dialyzed against 0.5 M NaCl 
0.015 M NaH 2 P0 4 , 2'x 10"" M EDTA, pH 6.0 at 0° (2 x 500 ml) and at 60°C 
(2 xJOO ml) and at 0°C again until no counts were detected in the dialysate. 
The 125 I _ 5S preparatlon WM then treated w±th 50 protelnase K (em 

Laboratories, Inc.), phenol extracted, and further purified as described (4) 
or on CsjSO^ gradients. Specific activities obtained in the different pre- 
parations ranged from 0.2 - 1 x 10 8 cpm/pg. 

Solution Hybridization of 125 T _ 5S mA tp pNA fr . rMm> . ^ contents 
of 5S genes in the several fractions of Dm DNA for the gene enrichment 
experiments were carried out by saturation hybridization using excess 
RNA in solution. DNA solutions were denatured in 0.2 M NaOH, neutralized, 
and adjusted to the 80% formamide hybridization solution described in the' 
next section. All of the samples contained 10"- M KI in order to reduce 
background. Typical concentrations of DNA assayed in the respective fractions 
were 0.075 - 0.5 yg/ml, 13-38 pg/ml, and 26-400 pg/ml, in the enriched, un- 
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fractionated, and depleted fractions, respectively. Reactions were carried 
out to a rot of 0.06 - 0.6 mol sec/liter. Samples were diluted 10 fold with 
2 x SSC and treated at 37° for 1 hour with RNAase (100 ug/ml RNAase A, 4 
units/ml Tl RNAase). 

Gene Enrichment Procedure RNA: DNA hybridisation for the gene enrichment 
experiments was carried out in a high f ormamide solvent (13) which permits 
RNA:DNA hybridization but little or no DNA:DNA reassociation. Formamide was 
3X recrystallized. DNA in 80% formamide, 2XSSC, was denatured by heating 
to 80°C for 10 min. A typical hybridization mixture contained 100 ug/ml Dm 
3 H-DNA, 10 ug/ml Dm 5S RNA-cc-biotin, 150 - 1000 ug/ml Dm 18 + 28S rRNA, all 
in 2XSSC, 80% formamide at 45°C for 30 min (rot * 6 x 10" 2 mol sec 1~1 for 
the 5S RNA). The sample was dialyzed at 0°C against 0.1 M NaCl, 1 mM Tris, 
1 mM EDTA, pH 8.5, and passed over a Sepharose 2B column (19 x 1 cm) to 
remove excess 5S RNA-cc-biotin. Elution volume has previously been calibrat- 
ed with Dm 3H-DNA and ^1 5S RNA. The volume of the DNA fraction was re- 
duced to about 100-500 pi by evaporation in a vacuum desiccator. In differ- 
ent experiments 50-150 V l of avidin-spheres (10-15 mg/ml) were added either 
during or after the evaporation. The solution was adjusted to 1 M NaCl and 
allowed to stand for 12-16 hours at room temperature or 48 hrs at 0°C. 
Spheres and DNA bound to spheres were separated from free DNA by banding in 
CsCl as described (4) except that centrifugation was performed for 48 hrs. 
The amounts of DNA in the different fractions were determined by 3 H counting. 
DNA was released from the spheres and the RNA hydrolyzed by treatment with 
0.2 M NaOH at 100°C for 20 min (14) or at 37°C for 16 hours. The 5S gene 
content of the several fractions was determined as described above. 
RESULTS AND DISCUSSION 

Preparation and Purificati o n of RNA-cvtochrome-c-biotin. tRNA or 5S RNA 
was reacted with cytochrome-c as described. The first step in the purifica- 
tion of the reaction product from the starting materials is passage over a 
CMC column in 0.01 M NaP buffer. Spectrophotometry monitoring showed that 
neither tRNA nor tRNA-cytrochrome-c binds to the column whereas the free 
cytrochrome-c does. The crucial step in the purification of RNA-cytochrome-c 
from unreacted RNA is HAP chromatography. As shown in fig. 1, fRNA elutes 
from HAP in a 0.15 M NaP wash, whereas RNA-cytochrome-c is eluted by 0.3 M 
NaP. The absorbance peaks at 410 and 260 my show that the material being 
eluted at 0.3 M NaP is the conjugate with 1:1 mo lar ratio. 

Several comments should be made about the procedure, By using a 10- 
15 fold excess of cytochrome-c to RNA we decrease the probability of forming 
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FRACTION NUMBER 



Fig. 1. Elution profile of tRNA-cytochrome-c from a HAP column. Batchwise 
e iwA l0n of the reaction components was performed as described in Methods. 
tRNA and cytochrome-c concentrations were measured by absorbance at 260 my 
and 410 my, respectively. The column was loaded in 0.01 M NaP, pH 6.8. No 

§ 6 °™! Alf i° Y aS observed in the washes with this solvent. The concentrations 
ot tRNA and of cytochrome- c in the elution peaks were calculated as (tRNA) - 
CA260/5.4 x 10 5 ) mole liter" 1 and (cyt-c) = (A 410 /9.6 x 10 4 ) mole liter"*. 
The total amounts of tRNA and cytochrome-c in the peak eluting at 0.3 M NaP 
above are 35 and 34 nmoles, respectively. 

molecules such as (RNA) 2 -cy tochrome-c , The elution profiles vary somewhat 
with the batch of HAP used and with its preparation. Our results have been 
reasonably reproducible when the HAP is freshly prepared for each experiment 
as described in Materials and Methods. Nevertheless it is necessary to 
monitor the absorbance profiles for each new purification, and to make slight 
adjustments of the salt concentrations of the elution buffers accordingly. 

The final results of all experiments on the preparation of RNA- 
cytochrome-c and of RNA-cc-biotin are given in table I. The yields of RNA- 
cytochrome-c in some of the earlier experiments were poor. We now suspect 
that the Drosophila tRNA used was charged with amino acids, but we failed 
to include a deacylation step, hence the poor yield in these experiments. 
The best yields with deacylated jE. coli tRNA are approximately 50%. For 5S 
RNA it proved necessary to pretreat the cytochrome with iodoacetate to in- 
activate RNAase, otherwise the 5S RNA was extensively degraded. We believe 
that this step is advisable for tRNA preparations also, but it was not done 
in the experiments of table I. Heating the RNA sample to 80 p before coupling 
appears to improve the yield, possibly because it causes dissociation of 
aggregates formed during lyophilization or ethanol precipitation. 
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Table I 



RNA 


Treatment 


X Yield 
(1:1 RNA/cyto-c) 


Molar excess 

of hioH«/HWA 


Number of 
blotlns/RNA-cyto-c 


E. coli tRNA 


no heat step 


28.7 


50 


5 


E. coll tRNA 


no heat step 


12.7 


33 


3 


E, coll tRNA 


80°C, 1 min 


46 


190 


7 


I- co11 tRNA 


80°C, 1 mln 


48 


100 


7 


a Dm tRNA 


80°C, 1 min 


11.2 


240 


9 


Dm tRNA 

b 


80 a C. 1 mln 


18.7 


100 


10 


E.. coll 5S rRNA 


no heat step 


30 


100 


7 


E. coll SS rRNA 


70*C, 10 mln 


55 


100 


5 


Dm 5 S rRNA 


70°C. 10 mln 


56 


100 


9 


Dm 5S rRNA 


70°C, 10 mln 


43 


100 


5 



A« mentioned in the text. D» tRNA v. a not deacyleted and hence lover yields, 
yield, of the final product were 1™ ^"""'e Btep waa omitted, the 



As shown in table I, a molar excess of 50-100 fold of NHS-blotin to tRNA- 
cytochrome-c was used in order to obtain a final product with 3-10 biotins per 
cytochrome. Control experiments with unconjugated RNA gave undetectable 
binding of biotin after treatment with NHS-biotin and dialysis. 

Cytrochroae-c is positively charged and does not elute from the negatively 
charged resin, CMC, until the NaCl concentration is raised to approximately 
5 M, whereas both tRNA and tRNA-cytochrome-c are negatively charged and do 
not bind to the column even in 0.01 M NaP. The crucial step in the purifica- 
tion is .the HAP chromatography step. Unligated cytrochrome-c elutes with 
approximately 0.5 M NaP, free tRNA with about 0.15 M NaP, and the 1 to 1 RNA- 
cytochrome conjugate at 0.3 M NaP. Several other separation methods were 
tried without success, including DEAE chromatography both in denaturing 
and nondenaturing conditions, CsCl centrifugation and gel filtration. 

EM Mapping: The j80pau.-/*80 heterodnnl pv . This heteroduplex is a 
convenient test system for tRNA mapping techniques. As shown in previous 
studies (15, 16) and sketched in fig. 2, the heteroduplex loop consists of a 
3100 nucleotide segment of E. coli DNA and a 2100 nucleotide single-strand 
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segment of +80 DNA. The substitution begins at the att site of +80 DNA. The 
E. coli sing le strand segment contains 1 ffll* gene at a position 1100 nucleo- 
tides from the att junction. Electron micrographs of two heteroduplexes labeled 
with spheres-avidin are shown in fig. 2. Micrographs (not shown) of hetero- 
duplexes labeled with ferritin-avidin are comparable in appearance to those 
obtained by other methods (2, 15). A histogram of the spheres positions is 
given in Fig. 3. The results are in accordance with previous mapping data 

A considerable background of free spheres is evident in the micrograph 
We have not found a procedure for separating unbound spheres from those ' 
attached to DNA, comparable to the sodium iothalamate buoyant banding 
procedure (1) that can be used to separate free ferritin from ferritin 




2erodu D iif tr £ ffi±Cr °? raph3 o£ SBhere ^beled tRNA genes on *80/+80psu 3 - 

"•KfiK'lo? T *° leCUle 18 ShOWn ' Wlth " in3 « *-t2 or the 

stituti™ T 8ite and the fork at the other end of the sub- 

heterodu^v° P 23 'J 19>3 kt> fr0m the left ^ right ends of the 

An inap^ ^ ' res P« tivel y (15); therefore they are readily distinguished 

•^gnirication is 2X that of the other photo. Bar = 1 kb. 
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Fig. 3. Histogram of map position of tRNA tyr gene on the single strand of 
bacterial DNA of the <f>80/<|>80 psu 3 - heteroduplex. The horizontal coordinate 
is the fractional distance from the att site to the label. The measured 
position of the label is 1100 (+ 66) nucleotides from the att site 



labeled heteroduplexes. It may be noted however, that the spheres in the 
background seem to avoid the DNA strands. 

By counting random fields we estimate labeling efficiencies per gene of 
50-60% for both ferritin-avidin and the sphere-avidin labels using the cyto- 
chromes bridge. In experiments with the pentane diamine linker, the labeling 
efficiency with spheres was negligibly small (N.D. Hershey, personal communica- 
tion) . Presumably the greater length of the cytochrome-c linker is responsible 
for the efficient labeling in the present method. Nevertheless it should be 
noted that the efficiency of labeling either with spheres -avid in or ferritin- 
avidin is at best about 60%, The reason why a figure closer to a 100% is 
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not achieved is not known. 

EM Mapping. Drosophlla 4S ss Studies from tMs laboratory 

on the mapping of 4S RNA genes on a 9.3 kb aegm ent of Drosophlla melanogaster 
(Dm) DNA contained on the recombinant DNA plasmld P CIT12 have been reported 
(7). The mapping data were obtained by EM mapping, using the technique 
described In detail in the present paper with a ferrltia-avidin label, and 
by restriction endonuclease - hybridization mapping. 

Electron micrographs from additional mapping experiments with the avidin- 
sphere label on the plasmld pCIT12 are shown in fig. 4. A histogram of the 
observed positions of the tRNA genes on the Dm insert is shown In fig. 5. i n 
the previous study as well as in the present one labeled sites (genes) were 
found at the 3 positions 1.38 ± 11, 4.59 ± 0.17 and 8.38 + 0.26 kb from the 
efined left end of the Dm Insert. An additional gene mapping in the position 
5.6 - 6.2 kb was found by restriction endonuclease mapping but was not detected 
at an appreciable frequency in the ferritin-avidin studies. The histogram 
in fig. 5 shows that this gene, mapped at 5.89 +0.36 kb was labeled at a 
frequency lower than that for the other genes but at a clearly detectable 
level in the present sphere-avidin studies. We do not know at present whether 
this improved ;abeling efficiency is due to the fact that the avidin spheres 
contain more avidins per label (8-10) than do the ferritin labels (1-2) or 
due to some other unknown factor. 

Ferritin-avidin mapping studies, using the present techniques, on the 
recombinant plasmld pCIT9 with an insert carrying 3 Dm 5S RNA genes have been 
reported (6). Drosophlla 5S genes are tandemly repeated with a regular spac- 
ing of about 380 nucleotides. Our labels - ferritin-avidin or spheres- 
avidin- are multivalent, in that they contain several biotin binding sites 
per label. Many tangled structures were seen because one label was attached 
to several hybridized RNA-biotln molecules along a DNA strand. Such molecules 
cannot be accurately analyzed; nevertheless we have estimated that the overall 
efficiency of labeling per gene is 40-50* in the various experiments. 

As an overall evaluation then, the present method gives 40-60Z labeling 
efficiency in practical problems. Resolution is probably limited by the di- 
meters of the labels - about 200 1 for ferritin-avidin and 600 I for spheres- 
avidln. At present, difficulties are encountered with closely spaced genes 
because of the multivalent character of the labels. Further work is needed 
to develop a ferritin-avidin conjugate with only one avidin per ferritin and 
with a high efficiency of labeling, so that closely spaced multiple genes can 
be mapped. 
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Dm DNA contaminating 
plasmid 

I^ 4 ' Ele ^ ron ^wographs of sphere labeled tRNA genes on a single strand 

2. fn^SS; ll t PC i IT12 V F ° r 3 full -^-atlon of the structures, 
see UJ. Briefly, the molecules shown are heteroduplexes of pCIT12 which 

a LS 1E1 ST?*? 0 / V* * in8ert ' " lth a SeCOnd 2— 2t P S-d in- 
sisting of ColEl fused to another short Dm insert. A secondary structure 

feature fb, on the 9 kb single strand serves to orient that strand. The 

single tRNA gene labeled in the upper micrograph is at the position 8.38 + 

0.26 in fig. 5; the three sphere labels in the lower micrograph are at thi 

there is a sphere nonspecifically attached to the eolEl duplex. These are 
rare. Bars ■ 1 kb. 
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4.5 6 7:5 

LENGTH OF Dm DNA IN KILOBASES 



2fs,Jd dIstrIbutl ™ ° f ^ gene positions on the pCIT12 

3 ge^'roSd "rr rement ? were « described (7). !„ addition to the 

L E ^abefe7tr"e attEouIbT ^ * 4th * ene at 5 " 8 ' » 

with that deSnS S^hr^,, 1688 ". 6 ^ 116 - ItS P ° Sitlon ls in =8"en,ent 
nan determined for the 4th gene by the restriction endonuclease mapping. 



Gene Enrichment . In these experiments, high molecular weight Drosophila 
DNA is incubated with 5S RNA-cc-biotin. Hybridization is carried out in a 
high formamide solvent under conditions where RNA: DNA association is favored 
over DNA: DNA association (13). Those DNA strands which hybridize to the 5S 
UNA are separated from all other strands by reaction with avidin-spheres and 
buoyant banding. These experiments are basically identical to those pre- 
viously described for the enrichment of the rRNA genes of Drosophila (4), 
except that, as appropriate for the short length of the 5S RNA, we use a' 
terminal cytochrome-c bridge between the RNA and the biotin instead of random 
crosslinking of cytochrome-biotin to the RNA by CH 2 0. 

There are 160 5S RNA genes of Drosophila (17). They are tandemly re- 
peated with a repeat spacing of about 380 nucleotides. They may occur as 
two clusters of approximately 80 genes each or there may be a single cluster 
of length 63.4 kb containing all of the genes, as suggested by restriction 
digest studies of the chromosomal DNA (17, 18). All told, the genes plus 
spacers constitute 1.73 x 10"" of the haploid Dm genome (1.8 x 10* base 
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pairs). In the present experiments the bulk of the single strands of Dm DNA 
ranged in length from 10-100 kb. Thus the strands carrying 5S genes would 
have 25 or more 5S RNA-cc-biotin molecules hybridized. (There is every 
theoretical reason to expect that the efficiency of RNA:DNA hybridization is 
almost 100%.) For a strand of length 10 kb with one sphere attached the 
weight fraction of sphere mass is 0.96. If several spheres are attached 
per 10 kb the weight fraction is still closer to 1. Thus by the rules form- 
ulated by Pellegrini et al. (5) the buoyant density of the DNA sphere complex 
would be close to that, 1.25 g/ml, of uncomplexed spheres. The efficiency of 
labeling in the electron microscope experiments was 50% per gene. Just how 
many avidin-spheres would be bound to a 10 kb strand carrying 25 hybridized 
5S RNA-cc-biotin molecules is uncertain because we do notknow how many of 
these biotins would bind to a single avidin-sphere rather than to different 
avidin-spheres . 

The results of several gene enrichment experiments are presented in 
table II. m all three experiments, almost all (greater than 88%) of the 5S 
genes were recovered in the enriched fraction. In the first experiment 
about 1.5 x 10-2 of the total DNA was in the enriched fraction whereas L the 
second and third experiments only about 6.5 x 10- of the DNA was in the 



Table II 

Results of Enrichment for 5S rDNA fron Total Drosophila DNA 





X Total DNA In 
Enriched Depleted 


Z 5S 
Enriched 


rDNA In 
Depleted 


Enrichment 
Factor 


Theoretical 
Experiment 


0.0173 


99.923 


100 


0 


5780 


1 


1.48 


98.52 


99.9 


not 
detected 


67 


2 


0.067 


99,933 


91.5 


8.5 


1351 


3 


0.063 


99.937 


88.8 


9.8 


1411 



The volume of the DNA after the Sepharose 2B step la usually 7-10 ml. The 

orTfT^h 18 °;J M * V ° 1UM U redu " d * -aporatlonl; ■ 

factor of 10 and the salt concentration ralaed to 1.0 H for sphere labelinj, 

avJdLs 0 ^ 11™ Z* f lec » 08 ^ interaction be tween'the- positive* 

avidins on the spheres and the negative DNA. In the first experiment, the 
spheres were added before the evaporation step. Perhaps th^caus^d more 
quasi-irreversible electrostatic binding between spheres and DNA. In 
r!"*" ? f 11 ?, 3, s P herefl we " «<"ed ^ter evaporation. In the 3rd 
experiment, labeling was done at 0? for 48 hr Instead of at room temp- 
erature for 16-24 hours. temp- 
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enriched fraction. Therefore in the first experiment the 5S DNA after one 
cycle of enrichment was about 1% pure, whereas in the second and third experi- 
ments it was about 25% pure, In control experiments where no RNA was added 
approximately 3,4 x 10" 1 * of the DNA was found in the sphere band. Therefore 
of the total of about 6.5 x 10" 1 * DNA in experiments 2 and 3, about 50% may 
be attributed to general binding or trapping of DNA by the spheres, 25% to 
specific gene enrichment, and 25% to other causes, possibly formation of net- 
works or partially duplex DNA with a strand bearing a 5S gene (see below) . 

The two major technical differences between experiment 1 and the more 
successful experiments 2 and 3 were: 

1) In the latter experiments, the excess of unlabeled (no cytochrome- 
biotin) rRNA (which included 5.8S rRNA as well as 18 and 26S) added was 100 
times the amount of 5S RNA, whereas in the first experiment there was only 
a 15 fold excess. Whereas 5S genes plus spacers make up 1.7 x 10" 4 of Dm 
DNA, rRNA genes plus spacers constitute 6.4 x 10" 3 ; therefore it is necessary 
to completely compete out hybridization of any biotin labeled rRNA fragments 
present as contaminants in the 5S preparation with the cold rRNA. In their 
filter hybridization experiments, Tartof and Perry (19) found that it was 
necessary to use a 100 fold excess of unlabeled rRNA in order to accurately 
assay for the number of 5S RNA genes. 

2) As explained in a footnote to table II, there was a difference in a 
concentration step of the sphere-avidin-DNA mixture between experiments 1 and 
experiments 2 and 3 which may have decreased the amount of non-specific bind- 
ing in the latter. 

A small fraction of the sphere band from the CsCl gradient was directly 
diluted into formamide solution and spread for electron microscopy. The DNA 
structures observed were of the following types: a) Single strands with one 
or many spheres. Strands with many spheres were tangled and condensed around 
the spheres, as expected in view of the close spacing of the genes and the 
several avidins attached to each sphere, b) Single strands with no spheres 
attached. These were presumably released from the spheres by breakage, c) 
Molecules that were partially duplex, due to some DNA: DNA reassociation. 
d) Networks of single strands, perhaps due to tangling of the long strands 
in the high, salt medium. Factors (c) and (d) may contribute to the amount 
of non-coding strands in the enriched fraction. The DNA strands observed had 
about the same length distribution as the input DNA, showing that the gene 
enrichment procedure does not cause much chain breakage. 
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Further discussion. In several test systems, the efficiency of labeling 
with the cytochrome-c-biotin attached to the 3' terminus of 4S and 5S UNA was 
50% with either avidin-spheres or ferritin-avidin. The efficiency of labeling 
by spheres-avidin for cytochrome-biotin randomly crosslinked to KNA with CH 2 0 
is reported to be sustantially lower than this figure (4) . The present method 
could be applied to genes for long RNA's as well as for short ones. For long 
RNA, it would be advantageous to degrade the RNA to a length of 100-400 nucleo- 
tides, and expose new 2\ 3' OH ends with alkaline phosphatase before coupling 
to cytochrome-c. Thus one would provide several cytochrome-biotin affinity 
labels per gene. In general then, the present technique appears to be a very 
useful addition to methods of gene enrichment and electron microscope gene 
mapping. 
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Summary 

The 43 RNA genes In HeU mitochondria! DMA 
(mtDNA) have been mapped by electron micros* 
copy ualng the efeciron-cpeque label ferritin. This 
method fa baaed on the high affinity Interaction be- 
tween the protein, avfdfn, and blottn. 43 AHA, cove* 
lentfy coupled to bloHrt, was hybridized to single- 
stranded mtONA. The hybrids were then labeled 
with ferritln-avWIn conjugates. The positions of 
ferrl tin-labeled 43 RNA genes were determined re** 
stive to the r*NA genes on both heavy (H) and light 
(L) strands of mtONA, This region was recognized 
ae a duplex segment after hybridization either with 
rflNA In the case of H strands or with DNA comple- 
mentary to rflNA In the case of L strands. 

Our studfee suggeet that at least nineteen 48 
RNA genes are present In the HeLa mitochondrial 
genome. On the H strand, we have confirmed the 
nine map positions found In a previous electron 
microscope mapping study (Wu et si., 1972) and 
obtained evidence for three additional 4S RNA 
genes. On the L strand, seven 4S RNA genes have 
been mmpp*4. The nineteen genes ire distributed 
more or less uniformly sround the genome. There 
Is a pair of closely spaced genes, approximately 
150 nucleotides apart, on the H strand 9 and another 
closely spaced pair on the L strand. 

Introduction 

In prevtoua studies, eleven to twelve genes coding 
for 43 RNA were found In the HeLa mitochondrial 
genome by filter saturation hybridization experi- 
ments (Alonf and AttardL 1971a) and by electron 
microscopic mapping studies with ferritin-labeied 
4$ RNA (Wu et at., 1972). Eight genes were estimat- 
ed to be on the heavy (H) strand by hybridization 
saturation with tabefed tRNA, while nine genss were 
Identified by physical mapping; both techniques In- 
dicated the presence of three genes on the light 
(L) strand. This limited coding capacity suggested 
either that the proteins synthesized in the mitochon- 
drion were restricted with respect to amino acid 
composition, or that some tRNA species were im- 
ported Into the mi # ^chondflon from the cytoplasm, 
In suoport of the first possibility, it was fcund that 
chioramphenicol-iensitive amino acid Incorpo- 



ration by HeLa mitochondria waa very tow for eight 
amino acids, including most of the charged polar 
ones (Costantfno and AttardL 1973). 

To determine whether the amino acid specificities 
of tRNAe coded by mitochondrial DNA (mtDNA) 
were in agreement witn the chloramphenicofcsensf- 
Uve amino acid incorporation data. Lynch and Attar- 
dl (1976) have recentfy measured the hybridisation 
of tRNAs acylated with radioaetlveiy labeled amino 
acida to separated strands of mtDNA, Their studies 
shewed that there are at teaat twelve genes on the 
H strand and five on the L strand coding for tRNAs 
of sixteen different amino acid specificities. While 
this »s a larger number of tRNA genes than detect* 
ed previously fn HeLa mtONA. we believe it possible 
that it still represents a minimum estimate for sever- 
al reasons. First, multiple Identical genes or genes 
coding for isoaccepting tRNAs on the same DNA 
strand would not be detected. Second, some tRNA 
species may not be aminoacylated efficiently by mi- 
tocnondrfal synthetase preparations under the con- 
ditions used, so that their hybridization would not 
be detected Third. tRNAs present in very low con- 
centratlon might be missed by this approach since 
these hybridizations are done fn DNA excess. 

Since at least five additional genes coding for 
tRNA were found in the HeLa mitochondrial ge> 
nome. we decided to reinvestigate the arrangement 
of 4S RNA genes by using a newly developed meth» 
od of labeling hybridized RNA with ferritin for direct 
electron microscopic examination (T. R. Broker. L. 
Angerer, N. D. Hershey, P. Yen. M. Petfegrint, and 
N. Davidson, manuscript in preparation). In this pro- 
cedure, a smalt molecule, biotin. Is covalentty cou- 
pled to the oxidized 3' terminus of RNA molecules. 
The RNA is then hybridized to a DNA strand. The 
position of the RNA:DNA hybrid on the DNA strand 
Is mapped by incubating with a covalent conjugate 
of the efectron-opaque label ferritin with the protein 
evidin. The labeling reaction is based on the rapid 
and strong noncovalent association of avidin with 
biotin (Green. 1963). 

The primary purpose of the present studies was 
to determine the number and distribution of 4$ RNA 
genes on the L strand by mapping ferritin positions 
relative to the 'ioosomal RNA gene positions. These 
genes were identified as a double-stranded region 
after hybridization either with DNA complementary 
to 12S and 163 rRNA(rONA) or with a unique DNA 
fragment purified from a HpA II restriction endonu- 
ciease digest of HeLa mtDNA. The restriction frag- 
ment contains major portions of the genes coding 
for 12S and 16S rRNA. Slmllariy. 4S RNA genes on 
the H strand were mapped relative to the rRNA-ONA 
hybrid region. Evidence is presented which con- 
firms the positions of the nine H strand 4$ RNA 
geres and three L strand genes mapped previously 



in our laboratory (Wu tt el., 1972), In addition, four 
other 43 RNA genes have boon mapptd on the L 
strand, and evidence has bean obtained suggesting 
that three additional genes may be located on the 
H strand of Hela mtONA. It shouid also be noted 
that Heitzmann and Richards (1974) independently 
conceived of the use of the avidin-biotin interaction 
for labeling purposes, and have developed a tech- 
nique for ferritin*iabeling membrane components. 

Results 

Properties of the Reference Markers 

The langth distribution, as determined by electron 
microscopy, of the 12S and 16S rONA, prepared 
as described fn experimental Procedures, was very 
heterogeneous. The number average lengths of the 
12S and 16S rONA:rRNA duplexes were 645 (±280 
43%) and 717 (t34«. 4«%) nucleotide pairs, re^ 
spectively. The length distributions of the single- 
strand ONA after denaturatlon in hot NaOH (0.1 M. 
60* C. 4 min) were similMr, Thus these fragments 
have average lengths of about 63% and 45% of the 
full lengths (flobberson et aL. 1971) of the respec- 
tive genes. Presumably, fragmentation occurred 
during the 31 nuclease digestion. The 12S ONA 
preparation contained some molecules longer than 
12S rRNA, probably from cross-contamination of 
12S with 16S rRNA, but it Is not possible to estimate 
the extent of cross-contamination. 

In contrast, the other marker for the rRNA gene 
region, which was a fragment isolated from a HpAII 
restriction endonuciease digest of HeLa mtONA, 
was fairly homogeneous In length. The duplex* and 
single-strand lengths were 1860 (±250. 13%) and 
I860 (±160. 9%) nucleotides (11.9% of the ge- 
nome;, indicating rro single-strand nicks in the du- 
plex fragment This DNA fragment contains se- 
quences complementary to a major protion of both 
12S and 16S rRNA as determined by RNA:0NA hy- 
bridization experiments utilizing RNA species puri- 
fied from isolated mitochondrial ribosomal subunits 
(0. Oja'a and G. Attardi. unpubiisned results). 

L Strand Mapping 

In the first experiments, purified HeLa mitochondrial 
L strand ONA. preannealed to remove any trace of 
H strand contaminants, was hybridised with 12S 
and 16S rONA and biotin-43 RNA as described in 
Experimental Procedures. The results of this experi- 
ment were compiled In the histogram shown in Fig- 
ure 1a. in measurements on 142 molecules, four 
distinct sharp peaks (labeled Li. L2-L3. L4. and L5) 
and a fifth broader peak (labeled L6 ana L7) were 
resolved relative to t2S and 16S rONA duplex re- 



glone. Furthermore, the second peak which is near* 
ly 2 times larger than any other peak, represents 
two distinct map positions {12, L3> which are too 
closely spaced to be resolved in the histogram: on 
a number of Individual molecules, two ferritin mole* 
cules separated by approximately 150 ± 40 nucleo- 
tides were mapped at the position of this peak. 

It should be noted that in almost every ease it 
was not possible to distinguish the spacer region 
between 12S and 16S rONA: L strand hybrids, and 
therefore the duplex region was scored as a con. 
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numb* 01 **cr.f» G rouo» whilo m«imfrng t n. ut.nt o# ovortio 
of tne 0uot«, m 3 n,or r 9qt0n ^ 9m comp*ri*on w«n pr.voy. mao . 
P*S «»*** <w» a, ut ,973), i .cai, in un.tt ol m.c/on. .« 

wh-ft 5 * fl»"Omo ^,„. T h. (♦nmft -m^v*! 

umO to coiwrnct m. M«ooT*n *« 0. 11 
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tlnuous sequence. Ont possible reason for mis Is 
that sine* the rONA wis fragmented as described 
above, the thickness of trie duplex regions was vari- 
able due to smalt single-stranded segments In me 
hybrid. 

To determine the orientation of 43 RNA sites rela- 
tive to 123 and 163 rtbosomai gene regions for 
comparison with me H strand map (Wu at al., 1972), 
the same experiment was repeated using only the 
19S rONA preparation as the marker. The results 
of measurements on 192 molecules are Illustrated 
in me histogram shown In Figure lb. The distribu- 
tion of 1 6S rONA: L strand hybrids is skewed to one 



side of me rtbosomai gene region (see Figure 1a). 
Thus on a linear map constructed from these hiato^ 
grams, me 12S rflNA complementary region is to 
me left of the 16S gene region. Furthermore, in this 
experiment, me fifth peak fa efearty resolved Into 
two peaks of equal size, labeled IS and L7 In Figure 
1a. On a number of molecufes, both sites were 
occupied, thus confirming me presence of two dis- 
tinct 4S RNA sites. A compilation of me results ob. 
tained thus far indicated mat seven sites were la- 
beled with approximately equal efficiency except for 
peak L5. In both experiments, the frequency of la- 
beling mis gene was about 40% mat of the other 
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aim. Sasad on tfte existence of seven different 43 
RNA sites, an overall labeling efficiency of 35% was 
achieved in them experiments. 

In tne third experiment for mapping me 4S SNA 
sites on the U strand ONA, several important modifl* 
cations were made in the procedure. The HpA II 
restriction fragment was used as the marker for the 
rflNA gene region. It provided a better reference 
segment than the 12S and 163 rONA markers be- 
cause the latter were somewhat broken. In particu- 
lar, the end points of tne duplex could be more ac- 
curately identified for the HpA II fragment Second, 
another preparation of 4S RNA-biotin was used. In 
addition to purification on sucrose gradients, the 
4S RNA population was passed through olIgcKdT)- 
celtuiose to remove any possible small poly(A>- 
containing RNA fragments: these, if present In suffi- 
cient abundance, might produce an artlfactuaily 
high number of 4S RNA binding sites. However. less 
than 1% of the total 4S RNA preparation was bound 
to the oiigo(dT)-coiumn. suggesting that the 4S 
population used here does not contain a substantial 
amount of poiy(A)-cantaining RNA. Third, the L 
strand hybridisations were carried out in a different 
annealing buffer composed of 40% formamide. 0.3 
M NaCI. 0.1 M Tris. and 0.001 M SDTA (pH 8.0), 
instead of 40% formamide. 0.2 M sodium phosphate 
(pH 7.5). as used in the first two experiments report- 
ed here and by Wu et al. (1972) in previous HeLa 
mtDNA mapping experiments. We suspect al- 
though we do not have decisive data, that this is 
an improved solvent for hybridization reactions. 
While th« detection of duplex marker regions was 
still difficult in some cases, in general, there were 
fewer molecules whose interpretation was ambigu- 
ous. Several examples of ferritin*iaoeted L strands 
from this experiment are shown in Figure 2. 

The positions of sites of ferritin labeling relative 
to sequences complementary to the HpA II restric- 
tion fragment are shown in the histogram in Figure 
ic. The pattern is exactly the same as found In the 
previous tWo experiments. The length of the Hpa 
II fragment hybridized to L strands (1807 ± 159) nu- 
cleotides) is in good agreement with the duplex 
length of the restriction fragment (1860 ± 250 nu- 
cleotides), its position on the histogram confirms 
that it contains sequences complementary to both 
12S and 16S rRNA. 

Although a detailed scoring of the overall gene 
labeling efficiency was not performed in this experi- 
ment, many more molecules with threo or more fer- 
ritin labels were found, indicating that the efficiency 
was hrgher than the 35% observed in previous ex- 
periments. Only those molecules were photo- 
graphed which had the marker and one or more 
ferritins. Of 68 such molecules photographed. 59 
had three or more ferritins attached. The gene- 
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labeling efficiency calculated from this sample la 
45%. This Is probably only a slight overestimate of 
the true labeling efficiency, since very few mole- 
cules in the population had no ferritin labels. It is 
not known whether the higher efficiency observed 
here can be attributed to the change in annealing 
conditions or to an improved 4S RNA-blotIn 
preparation, it should be noted that despite an 
overall higher labeling efficiency, the frequency of 
labels at the position corresponding to L5 was still 
only 50% of that at other L strand sites. 

H Strand Mapping 

In previous physical mapping studies using ferritin* 
labeled 43 RNA from HeLa mitochondria (Wu et al.. 
1972). nine sites were detected on the H strand. 
Since the more recent data of Lyrtcn and Attardl 
(1978) indicated that at least twelve tBNA genes 
were present on the H strand, the 43 RNA map of 
H strand was reinvestigated using the ferritin* 
avfdin:bfottn-4$ RNA labeling technique. The hy- 
bridizations were carried out as described in Experi- 
mental Procedures, and the positions of ferritin 
labels relative to rRNA markers were determined on 
182 molecules. A histogram of the data Is shown 
in Figure 3. The presence of the nine sites previous- 
ly mapped was confirmed, and evidence was cb- 
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Faction of Genome 

Plgura 3. Wttogram of 4S RNA Map Poamons on tha M Strang 
Of H«u mtONA ReiMiva to tha Position* Of rflNA-ONA Ouotav ft*, 
gfona Shown in the Inaat 

Tha procadura usad to eomoit* tha data in thia histogram « ««. 
achoad in tha loyond to Hguia 1 . In soma cast*, mo soacar rtgtcn 
batwaan tfu, 12S and 153 rftNA:0NA hyattis was iumc!«nfiv unam- 
bfguooa to aiH»» »t to »* ma oriantation of ma motocufa. Tha aitaa 
a/a numoared from Ml to MtJ, Tha tangih Intttval u$a4 in con- 
ducting tha nutogram wis 0.074 Langtnt ara gwan born m 
(too) and tract*©* o( ma ^anoma (bottom). Positions numbarad 
MS, H6. and Hi 1 r«p/osant »3 ANA gantc not maepod tn tha pr t* 
*owa alaetron woacooa study (Wu ot al.. t$72). 
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tained for tht existence of At (east three Additional 
sites, denoted by the numbers H5. H6. and H11 in 
Figure 3. Whit© the frequency of labeling at these 
additional sites is not as high as at other sites. It 
is significantly greater than that expected for 
nonspecific background binding. 

Several examples of ferrrtlnwabeled H strands are 
shown In Figure 4. in this preparation of mtDNA. 
aoout 30% of the molecules were dimers with both 
the rRNA;ONA duplex regions and with some of the 
ferritin labels * diametrically opposed. This Indi- 
cates a head-to-tail arrangement of the monomer 
genomes in the dimers, as previously shown for tile 
mtONA dimers from human leukemic leukocytes 
(Clayton and Smith. 7973). Olmer circles containing 
rRNA hybrids and several ferritin labels are shown 
in Figures 4a and 4b. 

The gene-labeling efficiency in this experiment 
was quite tow, between 10 and 15%, based on 
twelve H strand 4S RNA sites. It is not known 
whether this was due to the stringent hybridization 
conditions used to minimize ONA-ONA reassocfa- 
tfon. to a deterioration of the 4S RNA-blotln, which 
had been stored at -70»C for 6 months, or to the 
fact that under the hybridization conditions used 
(C«t - 15 x 10-2 moles sec l-» or 15 x CrM for 
total 4S RNA), some 4S RNA-blotfn species may 
have been in limiting concentration. With respect 
to the fast possibility, it should be noted that She 
effective concentration of an individual 4S RNA 
species In these experiments depends not only on 
its representation in the original 4S RNA population, 
but also on its recovery through the biotin derivati- 
zation procedures (»se Discussion). 

Discussion 

The ffnaf results of our electron microscopic map- 
ping study are given in Figure 5. Seven 4$ RNA 
sites have been localized on the L strand and twelve 
on the M strand, giving a total of 19 sites in the 
genome. 

Technical Considerations 

In these experiments, we have applied a new tech* 
nique for visualizing. these genes in the electron mi- 
croscope In an effort to improve our gene-iabeling 
efficiencies. In previous physical mapping studies, 
such sequences wtre recognized by hybridizing 4S 
«NA covafentfy attached to the large iron-contain- 
ing protein, ferritin (molecular weight - 9 x 10 s ) 
(Wu et al., 1972). This procedure has several poten- 
tial disadvantages. First, it was suggested that ferri- 
tin might Interfere with the hybridization of attached 
4S RNA. resulting in suboptlmal gene-laoeting effi- 
ciencies (approximately 50%). Second, the struc- 
ture of ferritin and. in particular, that of bromoacety- 



fated ferritin, is sensitive to the relatively high 
concentrations of formamide (40%) used for hybrid- 
ization. To circumvent these difficulties, we at* 
tached a much smaller molecule, bfotln (molecular 
weight - 244). to 43 RNA, which should not signifi- 
cantly reduce the hybrfdlzabillty of the RNA. After 
hybridization formamide was removed, and the 4S 
RNA-ONA hybrid was treated with ferritln-avidin 
under mild conditions which do not affect ferritin 
structure, that is. the protein doee not denature and 
precipitate from solution, and appears as a dark 
round spot In the electron microscope. 

Despite these improvements, the gene-labeling 
efficiences obtained here are still only 40-50%. 
comparable to those observed by Wu end Davidson 
(1973). However. In experiments performed by a 
number of Investigators In our laboratory, the RNA. 
blotinravldin-farritin technique has proved to be 
much more reproducible In giving at least partial 
labeling of 4S RNA genes. The reasons for subopti- 
mal labeling efficiences are still not understood. As 
Indicated In Experimental Procedures. It seems inv 
probable that the concentration of 4S RNA and the 
time of Incubation under hybridization conditions 
(Ctt) were insufficient to allow saturation of avail- 
able 43 RNA coding sequences. In the L strand 
mapping experiments, the C,t with respect to total 
4S RNA is estimated to be 120 times the theoretical 
C«tfc. Even if an individual 43 RNA species is 




Figur. 5. ComDinou Circuit/ M«p of 43 AMA Mao POsttfon* on 
tn« H and L Strands of m;0WA Oo!«*« from th. Hl.ioof.rn, 
Snow* in figuf* t and 3 

Th. rRNA g«n« region H d«not«d oy th« n.avy black Un n Th. 
t/row» rnvn me« po»**or>, on th. M » lwd which w«r. not 
mapped m th. pr.vpoua ttue> (Wu tt m.. t97j). 
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on the H strand and seven on the L strand. These 
values are in reasonably good agreement with the 
results of Lynch and Attardl (1976). who found that 
twelve different aminoacyiaied tflNAs hybridized to 
H strand, while five tRNAs bound to L strand. As 
noted In the Introduction, the number of tRNA 
genes, as determined by following the hybridization 
of labeled ammoacytated tRNAs to ON A In excess, 
may be underestimated if there are multiple identi- 
cal genes or genes coding fcr Isoacceptlng species 
on the same stand, or if the concentration of one 
or more aminoacyMRNA species are too low either 
in mass or because of low aminoacylation efficien- 
cies by mitochondrial synthetase in vito. 

The HeLa Mitochondrial 43 RNA Gene Map 
The HeUa mitochondrial 4S RNA gene map. Illus- 
trated in Figure 5. shows that the nineteen genes 
are distributed rather wioely over the genome, wrth 
no apparent simple and regular pattern. More genes 
are present on H strand than on the I strand. This 
fairly uniform arrangement of 4S RNA genes Is In 
contrast with the positions of the tRNA genes In 
yeast mtONA. In this ONA, eleven of twelve genes 
mapped so far appear to be clustered In about one 
third of the genome (FuKuhara et al.. 1976). The 
detailed comparison of the arrangement of individu- 
al soecific tRNA genes between different mitochon- 
drial genomes may provide Interesting information 
regarding their evolution and function. 

The number of mtCNA-specified tRNA species is 
not known. If the nineteen 4S RNA sites we have 
mapped actually represent genes coding for mito- 
chondrial tRNA. then the genome has the capacity 
to code for most, if not ail. of the tRNAs necessary 
for synthesizing proteins In the mitochondrion. 



ftMAandOMA 

Tw ° wnpiea were prepared from rmtochondna as 

*»cnbedby lynch and Attar* 0976) One )tmpii was additional. 
* o^"*** »* PMtaot tnrougn a column or oii«0T)<e*n,iofa to 
'•mo%e any sm«s poMA)<omaining RNA fragments. 

US ano ier 'ANA w*« preoarad according to the method ol 
WO" artf Airardi (1971b). 

maoc ^ M mONA was prepared according 

m * watnod ol A<ont ind Attarcl (T07tt>. Cosad circular ONA 
«as <MMtM M the lower oend altar two cycles ol C^Cether eau*. 
M^tom can?f,fucat^ X*l U <rt ONA moiecults cOnteintrg on the 
* *«g<« oar C/rcit war* groducad by controlled a-rey 
mCft.ng end .fofafad as the uno~ sand .n C*0-ttner gradients 
(Sharp *t * . 1972). ' 

Por maoomg ligrtt itrmds. Dura tight ifrands contamtng 10% in- 
Uct cucfes were preoared «« follows b, A J flory. To minimis 
ma sxtenr ol breakage dunng strand s* m *tau<tn m jtfctfme CsC: 
9/*0»onti. co*aiantfy closed mtONA laOaiad « ora strand with BroU 
was prepared. While uniatwed covaie»tiv <r?05^d nvONA r 9 reals- 
taut to mcmng by autau. mtONA stranci contain^ BrOU h;»va tn 
""W* »o such Drainage Thus e*osed cireiee taoefed 
"in BrdU m one «rand -n- ,n .marine CiCl gradients prepared 



undar appropnata condnbne, give r*ee to largely intact r-tstweo 

t?!!?!!!!! 1 Of"** , * t **« <*ory and Vmpgrad. 
1973: rtory, i974j. ^ 

To nave a reference point *gm which to map as ANA srtes. 

!f!!^ U !*^^ C * m * rk,r, *^ ONA comofamemary to 

12S and 16S nutochondriai ffiNA (/OMA) was prepared by nyondl*- 
ing denatured mtONA with r*NA m vest eietaa. *o* me nyor*o> 
fration. to «g of a preparation ol mostly intact 'H-tnyrmdineWaoafed 
H strands (from 8rd Unabated Hybrids) were incuoeted wnn 40 
fig ol attfier 12S ANA or tSS ANA in 2 ml of 04 M NaQ OOOt 
M fOTA. 0.01 M Trie (pH 10) (2S*C) at WC for t hr. The nucleie 
acida were coMected by atftanoi pracpaaoon and eantnfygation 
«aaolv#d in 1.7 ml of 0^3 M Ned. 0.03 M sqaum acatata (pH 
4.91. 5 x to-* M 2nd,, and. after adotflon crt 30 ,g ot denaturad 
NetJ eaa ONA, digested wtth 2S units cl a higmy purified smgie- 
Mrandad ONA-speciftc Si ondongcfaasa from Aape/gjitue ortzae 
(a gtH from L Grossman) for ! hr at 37*C Attar addition ol £OTA 
to 0.01 M. tna nucf e< acksa were piacioitstad wHn 2 vol ol ethanol. 
disced in 2 mi 0.4 w C*a O.OOi M IOTA, 0.01 M Trie buffer 
(PM 8 0), and digested mm pancreatic ANAaao (10 «g/mo at r*om 
ttmperature for 30 m'n to Cagrade *he unreactad ANA, After addi. 
tten of sodtum oodocytsutfate to 0.5% and pronsse to 50 ^g/m#. 
the sample was Pupated for AS mm at room temperature and 
tnen eatractad *.wi pnenol. Tracae of phenol were removed from 
the aouoous pnase py extracuon with eifier, and the resaluai other 
*r bubbttng nitrogen CsO was addad to ghro a fln* dansny of 
t.7S g/ml. and the *Ona*ana hybrids wera centrtfuged at 35.000 
rpmuieSWas Spmco rotor for 5 days at 20 # C using a poryaitomef 
tuoe. The rRNA:0NA hyorlda banded sharply at a density of 1 78 f 
g/ce. For eomp.inson. H strand mtONA banded at e density ol 
of 1 . 724 g/cc. The fractions corresponding to the hybrid peak were 
pootad and precipittiad with 2 vol of ethand. 

In addition to /ONA. another sequence mmitt waa isolated as 
one of the fragments obtained by digesting mtONA mm HpA ci 
ftstrtction endonuctease and fractionating the digest by a^ectro- 
phoreaia on 2% .igaroie geta. 

Symheeia of M-HydrosytuecfnlmMe Esters of Blott* 
Sremoeevtio Add, and Oitttooleeetfe Acid 
The syntheste of N-nydroxysucc-nimide esters ol btotln 
(NHS-b«otin) and of bromoeceUe acid (NHS-SrAc; are described 
by Becker. Wrfche*. and Katchatski <1971) and PaUegrini Oan and 
Cantor (197V). The N-hydro*ys«cifwnwe aster of dirhiodiacetid 
tcid (NHS*ditnioUiacelld acid) waa synthesized a*mnarfy (N. 0 Mer. 
Sney. personal communication). 

Syntfmle end PurtfteatJon of 49 ANA*6f ode Con|4>oatn 

ApproaimatOty KQ t*q of ! H HeU 43 ANA (4^00 cpm/ ( ,g,. wWcn 
had boon purified through two cyctts of sucrose grid tent centnfu. 
gatton (Lynch and Attardi. i978). ware athand-precioifated dts- 
solved m t ml of 2 M Tria butfar (oh 9 21 and incuaated for 90 
min at 37 to msurt that all (ANA moieculee were cempietetv 
doacyfated (Sar.n ind Zamacnih. The Ana was than 0 *». 
dUad w<th 0 1 M NaiO* at pH 4.7. A Scft>» base was formed by 
reaction with d*aminooentane et pH 9.3 and stabiHeed by treatment 
with N*8H«. The dutaJ amino group of the *«m*nooentone was 
acyiatad wrth NMS~0*ottn, and ina resulting ANA-biortn conjugate 
was pwrrfied oy artimty chromatography en avidln.«eoharose 

The affinity column was prepared by incubating 20 mt of CN8r. 
treated sepnsroee «3 with 20 mg ol avidln for 20 hr at 4*C (oh 
7.0) (Bodtnstfc, and Bodans^, 1970). Tho modified get was 
quenched wtn o 04 M ,minoethanoi for 1 nr at room temperature 
and eitermi<reiy washed to remora *n*n or avidm subun^s not 
firmly attached The er?eeirve bioim-binoing capacity of avicin- 
SOOharose was deturmined by meMurlng the amount of "C-bioim 
which could b* hound ,„ t m NaO and etutsd w.fh 9 U guan*dine 
HC! fpH 2 5). in m„. etoen^nen,,, ^ dilferent preoaratons ot 
a^idimsepna/ose c,n*n C 14 ,nd 5.7 nmoias Of bldtin per mi 01 0*. 
reapectNeiy 
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Tho ammfy column haa savoraf efaaaaa of binding mm of varying 

amnrty for *otm (Craan an* Toms, t«73>. and RhUUttoun eonju. 
gatas cannot ba quarntt ativaty racovarad from tna strong* binding 
sitas. Tha column wo thartfora tint praioodad with fraa blotm. 
and «nk sxaa wtfi leoratad by washing tha column wrffi 6 M 
guan«tno HC (pH 2.5). 43 RNA-oxitm con»vgataa wars bound to 
tucn a or**o*dad column m n*gn salt (i u NaCt 0 01 M sodium 
phospn at*. 0 001 M tor A (oh 4.8)I. Altar washaa with solutions 
of nigri sait and *>qh sail containing 2 M uraa to atiminata non- 
ipaosc ion* or hydrocnootc bmdmg. tha 4S RNA-ototfn conju- 
gal** wara ttviad from ma column w*m 3 M guantdtno HO <pH 
2.5). and tmmadtataty diafyzad «ga«s» i M Nad, 0 Ot M sodium 
pnoscnata. 0001 M tOTA(pH 6 3) rorracftromaiodrapny on avion, 
sapnaroaa. Attar ma first passaga througn ma avxjm atruvty col- 
umn, 05% of tna malarial bound: ;»63% of tma fraction bound on 
a saeond passaga. Tna 43 ftNA*o*otm eonrugata* wara ttorad at 
-70* C in 1 x SPt ;0.i U NjCI, 3.01 M sodium pnosonata (pH 
7.0). 3.001 M E0TA| Oa<atta of rhosa procaouras ba prasamad 
afsawrtoro (T. R. Brohar at at . manuscript in praparstxvi). 

Synmaaii and •vnfieaffan of Parrtttn-Avidin Canftjgatao 
Pttnttn wa> isoutad from aorta tpiaan by procaduras annua* to 
tneaa da*cnbod by OranicH (t94«).' Sromoacatvlaiad faoitm was 
praparoa by raaction or tna protain wr»n NHS-SrAc at pH 9.3. in 
eiftarant oroparatxKta. oatwaan to and 20 moia* Of bromoactfata 
wara bound par moia ot farnim (moiacuiar waignt • 9 x 10** 

• »4 4) 

$u*fhyory» group* war* addad to ovufin .is fo«0w*. Avxim was 
acytatad by raaction with NHS-OlhK>0»«»ca«ic aed at pH 9 3 Thia 
stap was f otfowod by traatmant mm OTT to a*oosa ina SM groups. 
Aftar ramovng aicos* aster and OTT from tna raaction mrstur* 
by diarysis against 1 x SPE undar argon, tha number of addition «j 
»H grouos par avidin was assayad oy oatarmmtng tna nondtaiyta- 
b>a b.Admg o« , *C*N-ainyim«^tfmoa. In drfiaront orao* abort*. »ai- 
uaa botwoon 2 and S monm of suifhydry* groups par moia of av*dw 
(moiacuiar wa«ght •63xi0«: • 1 54) wora obtwnad. 

Covaia-*tt coupling o* mod-fiad f ar ntm to modi! tad avtdtn w«a par- 
formad Oy mumg rarrttin^04,ar), f . M (3 2-;0 4 p m) mm tvtdtn- 
CS«)i.* (20-?• /im) m 0 3 M potassium borata buffar (pH 9.3) m 
tna protonca ot argon. Aftar 2 nr at room tamparjrrtura, tna raac'ton 
was quonct^ad by traatmant mm 038 M amtnoamanol (pH 9.0) 
for t rw at room taf paratura Urtroactad avyjin was ramovad Oy 
valocrty cantm^jgatHrfi of tna famttn-*v-<i»rt coniugatas twica in 
5-50% sucrosa gradianta contammg hfgn «ait (1 U NaCL 0.31 U 
sodium pnoscnata. 0.001 mhota (pn « 8)J Anar sad-mamation 
fp« 4 hr at 40.000 rpm m an SW 50. t rotor at 10*C. farntm^v^n 
°* A * 3 » •* W»a way down ma tuba. tn^# «i«ctron micro- 

■cooa ••dating aaearimanit. oraoarationa of '•"-firtv***** etpa*>a 
of amolng *.S-4 4 moiaa of b»otki pa^ mo«a famttn war* wwd. 
Psrr^owtfm was storad in I i* 3P€ St 2 'C Additional informa- 
tton concarn-ng tna syninaaia of famtin*avidin confugafas witf ba 
raoortod afsawnara (T. fl 3ro«ar at a! . mtnu*c«ot m preparation). 

Hrbrrtafsaaion Procadurom 
Uqm $tn*d a#ap0fng 

Pva C stranoa praparad as dascnbad abova wara nypridf/ad to 
m *'*« DMA saouancas. mat f*. anhar rQWA or HpA fl fragmant 
3. a*id to Qtottn-43 «NA according to tna t/Kowtng typical Oroca* 
dura. To insuro that no «ingia>sirandi»d »♦ strands wara prasani 
ascontammantt. L Strang Oha t*mp** *a^a first tacubatOd w ndar 
♦rwaaiing coitions (40% fotmamida o 2 w sooum pnospnata 
CpM 7 5) m aar^aiaanmants 40% termim**. 0 3 M NaCl. 3 1 
M Trim. 0 001 M t*?TA (pH 3 0} m fatar a«oartmants| IO a Cot of 
a m to » moia sac l" wnicn wa aslimati> to ba *iu/v*i»m to 10 
timaa tna Cat , tor H*Ca mtONA. Tha i2S and 163 rANA.ONA ny. 
tmds war* danr»tur«d by iraatmam mtn a i M NaOH 'or 4 mm 
at S0»C and tifratad w^n Tns-HO to pH 9.5 Hoa II fragmant 3 
Oupid*os wara danaiurad by naatmg ro 30**C 'or 5 mm in 0 002 
M Tns. 0.002 U E3TA ( pH 7 *) Thasa smgia-strandac mark-jr 0MA 
saowancas (aimar t2S *nd t6S /ONA or HpA II fragmant 3 QUA) 



and fcotawa ANA »ara addad to aaff^nnaaiM L strands « aiyiad 
agajntt tna annaattng buffars daacnbad aoava. and i«aubatad »or 
3.5-4 hr at 40'C in tnaaa aicuootton mtmtur**. tna L strand Ona 
was at 1 >.g/mt: tha t*3 ♦ 163 rOr4A at 1-1 3 f .grml: tna HpA 
a fragmant 3 at 0.8 wmr, and tha b*oitn-*3 RNA at 20-30 ,g/mt 
TJtaaa condition* ara aoorosHnatary aourvaiant :o i Ct ot 
70 * 10-' tor as RNA.«om 0. UManbacx and ms co-wotKars 
(paraonaJ communication) htva datarminad tfiat m t Ct , rp# 53 
UNA tn 50% tormamtda. 2 X S3C.40*C is 3-4 x tO-r Wa prodict 
that tna Ct s for (FHA undar tna sama conditions would oa 
3 x to-: tor 20 ciffarant spaoas prasant m aouai concantratiort 
tha C:„ would ba approximataly 3 x tQ*>. 
H—rt 3trmnd Hipping 

Ucmam iseiatad mtOWA M strands wart not avaabla. mosa mao- 
ping sipertmarua wara camad out witn singfy fttcaad total mtONA 
M strands wara distinguranad from L strands by lha praaanca ot 
duptax ragions attar nyonouaiton with HaU mnocnonoftat 123 and 
163 rRNA. To mmimira tha problamm ot 0NA*ONA raasaociaiton 
during tha hybndf*ai«A. mora stnngtnt annaaling condrnon* m 
a mgn fermamtda totvant wara usad. thus favoring tna formation 
Of RNA:ONA hyOridS Ovor DMA: ONA duolaaaa. (ft. WMta and J. 
Casay. patsonal cornmunxutkwm.) Singly mtfcad mtONA (0.1 M g| 
was danaiurad m 3 t M NaOH for 3 min at room tampararura. 
and man tha pH was adfustad to 3.5 wuh Tria-na. Ribosomai 
RNA and 43 RNA.bio»*n wara aodad. and tha mixtura waa dtaWzod 
at 4 • C for 3 hr agwinsl annaaiing buffar (30% formamica. 5 x 5SC 
0.03 M Trit (pn / 5)| Aftar dtatysla. tha voiuma of rha raaction 
mtstura was *rt|uaiod to 0 2 ml to gtva a ONA concamration of 
0.3 ^g/mi; a 123 rRNA concantration of tpproiimataly 6 ,.g/ml; 
« 1«S rRNA concontratron Of aoproxtmataty t2 M g/ml: and a 4S 
RNApbiotin concantration of 23 ,g/mi. Tha hybndr^ation miituro 
waa meuoatad for 35 mm at 43»C. Wrfft raspart to 43 RNA*Orchn. 
lha conomona corrmpond to an aporosimata Ct of IS x tO-» 
moles sac I 1 (tsttmaiad Ct*4 - 6 x 1Q >). 

UbaHng of 43 RNA.diotlfrmtONA Kybrtda with FarrmmAvklln 
Attar tha hy ondi^af .ona wara complatad. u cats as RNA-btctm and 
nbosomal gana f aqmn markars wara ramovad by oaswng tha raac- 
tion miif uros ovar a 3 ml eohmn of Sapharosa 28 ac^bratad with 
0 1 U Naa 001 M tortium pnosonata. OOOi u eOTA < P m a 0). 
Tha aictudad vwuma was coJtactad and concantratad unoar vacu- 
um 5-7 foio to 50-i-S M l. An aqual voiuma of farrrftmavtdin solution 
waa addad to gtva a final farriilrt concantralion ranging from 0 45 
to 1 mg/mi Attar mcubatton for 16 hr at room tampotatura tna 
mtatura was iay«riKJ on a sofWKjn pi socium xxhaiamata if • 1 ai 
buitarad wr*h 0.1 M Tns. 0 30! M EOTA (pM 3 5). and cantriluged 
for at taasf 10 nr m 33.000 rpm at IS-C *n im 5W 50 1 rotor Sinca 
tha dansrty o* ON* in sodmm lothatamata tj i.ta <Sarwor. 1975). 
whiia that of farrttin *% astxnatad to ba 1.6-1.9. farr«tifw«oaiad ny.* 
brids can oa saoaraiad from sicaas famtur-av»oin by tnia mathod 
Tha ONA-comaming fractions (0 2-0 6 ml from tha top of tha ya- 
dtant) wara coiiactad manually from tha top and diaiy/ad first agm*f 
0.3 M Nad. 0 1 M T,ia. 0 01 M 60?A (pH 6 5). and man agamst 
0 2 M Tr.s. 0 02 M £ C TA <pH 6 5). Tha sampta, wara concamratad 
3-4 fo*d m a vacuum dasrccator and radlalv^ad varsu* 0.2 M Tn*. 
002 M EOTA (pH 3 5) in praparatidn :or soraftdtng tor ewron 
m^roacody. 

Eractron tfleroacopy 

Tha aiocrron macroscopic procadura* usad hara ara dascnoad in 
mora data* by a.^s. Simon, and Oav«$on (19/t). Tna sorasding 
solution contama-} 50% for-nam.da. 0 1 M Tris. 0.01 M EOTA (pn 
9 5). and 50 M g cyttxnroma c/mi. Oeoanding uoon na traction 
l*I! n A < T ,0W * iMm «* V»diant. tha ONA concantration wn% 
0 01-0 05 ^g/mi. r-*a hypopnaaa consisted of »r% rormamtoa 
0.01 MT,,*.0OOI M?0TA(pH« 5| Tha ONA w*sp*Ck.d up on p.r^l 
diorncoarad grfd*. Atamao witn to-* M u ranyi acttata ano sna- 
dow«d -nth 3-3 5 c -n of platinum.paiiadium wira at a ahadow.ng 
angia of 9: t 



